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INTRODUC’ION
Oral cancer is one of the major concerns in dental practice today.
Although great strides have been made in understanding the
pathogenesis of this disease, there is still much to be learned. Further,
there are impressions from several sources that long-accepted
demographic and behavioral axioms of oral cancer may not be as solid
as once thought. It is with these concerns, thoughts and unanswered
questions that this study was undertaken.
The fundamental intent of this investigation was to determine if
long-established patterns of oral cancer distribution are still valid and, if
not, what is the nature of recent change? In order to answer this
complex question, it was necessary to design an epidemiologic study to
test the hypothesis that there is no significant change in oral cancer
within past decades. Accordingly, data pertinent to oral cancer in
Connecticut was gathered and will herewith be presented as a
representative disease model. Results of this study will hopefully prove
useful to the dental profession both in regard to clinical practice and
also towards design of future oral cancer research.
The following literature review represents the highlights of
information available to date relative to epidemiologic features of oral
cancer. It is intended to serve as the foundation for the data base
regarding both incidence rates of oral cancer and its demographic
characteristics (age, sex, site and geographic location) in Connecticut,
2the United States and in some other countries. Comparison of data
from the literature with results derived here will hopefully provide the
means both for accomplishment of investigational objectives and
resolution of questions posed.
LITATURE IW
In 1900, cancer ranked eighth as a cause of death in the United
States. Currently, however, cancer ranks second only to heart disease
as the most frequent cause of death (U.S. DHHS, 1987). Oral cancer is a
relatively small problem in numerical terms. The American Cancer
Society (1987) reported that, although oral cancer comprised only 2-4% of
all malignant tumors, it nonetheless accounted for approximately 2% of
male cancer deaths and 1% of female cancer deaths. Thus, in spite of
being uncommon, oral cancer still has a relatively poor prognosis. Even
in curable cases, there may be severe degrees of dysfunction and
disfigurement which may render the patient at a social and perhaps
economic disadvantage. Although in recent years, technical
improvements in surgery plus advancements in chemotherapy and
radiation therapy for oral cancer have been developed and implemented,
unfortunately, there has been little improvement in survival rates
(Randolph et at., 1978; Elias et al., 1979; Mashberg, 1984).
In spite of the-fact that the mouth is a readily accessible site for
cancer detection and diagnosis, about 50% of oral cancer patients have
already exhibited cervical lymph node and ! or distant metastases at the
time of definitive diagnosis and initiation of treatment (American
Cancer Society, 1981). The five year survival rate for localized oral
cancer is 67%, but drops to only 30% for cases with regional spread, and
still lower to only 14% when distant metastases are present.
4In general, squamous cell carcinoma is the most common
malignant neoplasm of the oral cavity, accounting for about 90% of the
total number of malignant oral lesions (Lucas, 1971; Rowe, 1974).
Therefore, the problem of oral cancer is primarily one of biology,
diagnosis, and management of squamous cell carcinoma originating
from oral mucosal surface.
General Incidence oforal cancer
There are significant variations in oral cancer incidence and
mortality rates throughout the world. Langdon (1985) cited the work of
Waterhouse et al. (1976) to report the geographical incidence of oral
cancer among males in defined global areas (all incidence rates in this
study are annual incidence rates unless otherwise noted). Within
Europe, the incidence varies from 16.9 per 100,000 population in Malta to
2.5 in the southern United Kingdom. Recently Baden (1987) reported that
the incidence of oral cancer in France was twice that found in the US
and three times that of Japan. In the Americas, there are even greater
differences in incidence rates with Newfoundland exhibiting the highest
incidence rate for oral cancer in the western world. This was explained
by Spitzer et al (1975) as due primarily to the high rate of lip cancer
among fishermen in Canada and inclusion of these cases into overall
oral cancer statistics. The chances of a fisherman in Newfoundland
developing lip cancer is 4.4 times higher (by cohort analysis, p<0.001)
than that of a male of similar age and different occupation because of
5exposure to sunlight. From this study one can see how strongly lip
cancer can influence oral cancer incidence rates.
In the US, the incidence of oral cancer varies considerably among
states. For example, the oral cancer incidence rate in males is 16.9 per
100,000 population in Utah, 11.1 per 100,000 among California whites, 9.2
per 100,000 in Connecticut and Iowa. In the Asian area, India exhibits
incidence rates ranging from 19.6 per 100,000 population in Bombay to
33.0 per 100,000 in Ernakulam (Pindborg, 1975). Paymaster (1962)
reported that during a period of 15 years (1941 through 1955), the Tata
Memorial Hospital in Bombay, India accessioned 14,162 cases of oral
cancer out of a total of 30,219 proved cases of cancer of all sites. Thus, in
that area, oral cancer constituted 47% of all cancer, the world’s highest
reported oral cancer morbidity.
Epidemiologic trends
Oral cancer incidence rates and epidemiological trends in
different countries have been analyzed by many authors. In 1969, Tan et
al. pointed out that there was a decrease in the incidence rate of oral
cancer in Australia from 10.7 per 100,000 in 1959 (Males 16.8, Females
4.4) to 7.7 in 1964 (Males 12.1, Females 3.3). There was also a
progressive decrease in the number of new cases of oral cancer over the
six years from 1959 1964. For males there were 854 cases in 1959 and
this dropped to 681 cases in 1964 representing a 20% decrease. A similar
trend was seen for females: 220 cases in 1959 to 180 cases in 1964, a
decrease of 18%. Reportedly, decreases were statistically significant.
6However, these data for oral cancer morbidity were based on cases
registered in major hospitals in Australia. There might be a
considerable and unknown number of patients with oral cancer who
were not seen in the major hospitals covered by their study. However
this conclusion was in general agreement with Eddey’s study (1960)
which demonstrated a decrease in male mortality of oral cancer during
1928-1958 in Australia.
In Czechoslovakia, it was reported that the number of oral cancer
cases decreased in both men (by 34 percent) and women (by 38 percent)
during the period 1959- 1968 (Svejda and Kosut, 1971). This decrease
was expressed in the form of absolute numbers. The authors also took
into account the occurrence of oral cancer relative to other cancers to
substantiate this trend. In 1958 oral cancer represented 3.91% out of the
total number of malignant tumors of all sites in Czechoslovakia; in 1968
it had decreased to 2.30%. However, frequency ratios such as these can
be misleading. For example, if oral cancer incidence is rising, but more
slowly than the incidence rate of cancer in other sites, then frequency
ratios for oral cancer will show a deceptive decline (Smith, 1973). Thus,
frequency ratios play a valuable role in detection of gross variations but
should be interpreted with reasonable caution given the possible
masking effect produced by differing rates of advances or declines.
Easson and Palmer (1976) demonstrated that the number of cases
of oral cancer in men in Manchester England has decreased
substantially over the period (1932 -1970), whereas during the same
period, the number of cases of oral cancer in women increased. These
data were based upon 8,500 patients with oral cancer admitted to the
Christie Hospital and Holt Radium Institute in Manchester. As the
authors mentioned, it was incorrect to regard the number of patients
registered in a hospital as a reflection of the number of new cases of
disease in the general population, i.e.the incidence rate.
In Texas (USA), during the period from 1947 to 1970, there was a
significant decline in the incidence of oral cancer in both white men and
women, from 21.0 per 100,000 in 1947 to 15.8 per 100,000 in men in 1970,
and from 6.3 to 5.2 in women (Szpak et al, 1977). This result may not be
applicable to other states, but it may be useful for purposes of
comparison.
The American Cancer Society publishes data on new cancer cases
and deaths each year. In 1979, the total number of new cases of oral
cancer was 24,400 and the total deaths from oral cancer were 8,650
(ACS, 1979), compared with 27,500 and 9,350 respectively in 1984 (ACS,
1984). It was estimated that in 1987, there were 29,800 new cases of oral
cancer and 9,400 deaths from this disease (ACS, 1987). However, these
data can be misleading since statistics were reported only as absolute
numbers and thus lacked validity of comparison that would otherwise be
obtained if cases were reported as a function of a population
denominator, e.g. incidence rates.
The death rate from oral cancer can be used as an indication of
incidence trends if the survival rates remain essentially constant for
years. For example, if deaths from oral cancer increase, it can be taken
as an indication of increasing occurrence of oral cancer. Phillips (1961)
8reported that there had been a significant decrease in mortality of oral
cancer in Canada from 1941-1957 for males (from 7.2 to 4.3 per 100,000
population) but that for women no significant trend was noted (1.4 to
Langdon (1985) cited the work of others and reported that, in the
Federal Republic of Germany,there was a marked decrease in mortality
rates during 1933-1956, particularly in men.
The American Cancer Society (1985) published 30-year trends
(from 1949-51 to 1979-81)in age-adjusted cancer death rates per 100,000
population. For oral cancer, the data demonstrated a change from 6.4 to
5.6 for men and from 1.6 to 1.9 for women, changes judged by the
authors to represent an insignificant fluctuation. Overall, it was
thought that there was no significant change in mortality rates for
either sex.
Pindborg (1963), using the data from the Danish Cancer Registry
for the years 1943-1956, observed that there was neither a significant
decrease nor increase in oral cancer morbidity. The same material has
also been analyzed both for men and women; there was no evidence of
significant change in morbidity rate for Danish oral cancer in either sex
during the 14 year study period.
The Connecticut Tumor Registry has collected cancer data since
its establishment in 1935 and continues to receive reports on all patients
diagnosed with cancer throughout the state. Eisenberg et al (1967)
reported, that from 1935 1963, both men and women exhibited trends
for increasing cancer of all anatomic sites based on data from the
Connecticut Tumor Registry. On the average, the age adjusted
incidence rate increased by 10% every five years in males and 4% in
females. Women showed higher overall cancer rates than men up to the
late 1940s when the pattern reversed. This change was due primarily to
an epidemic rise of lung cancer in males. Hansen’s study (1985) showed
a similar trend of overall cancer incidence rates during the period from
1958 to 1982. However, the incidence rates of oral cancer during the
same period of time showed an opposite trend among males and
females. The rate in men has been decreasing while in women, the rate
was increasing.
Data sets based only upon number of new cases (as opposed to
actual incidence rates) are of limited value in determining valid
epidemiologic trends. Incidence rates are much more reliable in that
the possibility of changing populations is taken into account.
Summarizing the occurrence trends of oral cancer in the U.S. as well
as within some other countries, there is a tendency towards a general
decrease in oral cancer incidence during the past several decades with
only a few exceptions. Based upon national data, there has been no
significant change in oral cancer incidence rates in either Denmark or
the US in recent decades (Pindborg, 1963; ACS, 1985). In Connecticut,
the incidence rate of oral cancer in women has increased during the
span, 1958 to 1982 (Hansen, 1985). These data tend to support the clinical
impression of the University of Connecticut Oral Pathology Biopsy
Service Staff that the incidence of oral cancer may be on the rise
(Krutchkoff, 1985).
Age
Oral cancer usually occurs in the later decades of life. Binnie et
al. (1972) found that 72 percent of all oral cancers in England occurred
between the ages of 55 and 75. Langdon et al. (1977), in their US study,
quoted a mean age of oral cancer of 63.6 years for males and 63.7 years
for females, which is similar to Waterhouse’s data (1974) in which the
mean age for global oral cancer was 63.5 years for males and 60.6 years
for females. However, there are uncommon instances where oral
cancer strikes younger individuals including children (Shafer et al.
1983). In Krolls and Hoffman’s study of 14,253 oral cancer cases from
the AFIP (1976), there were only 1,029 (7.2%) patients under forty years
of age In the same study, however, it was observed that the largest
number of oral cancer cases diagnosed before 1970 were in the seventh
decade of life, whereas after 1970, the largest number of patients were in
the sixth decade of life. The authors concluded that there was a definite
trend for squamous cell carcinoma to involve younger persons. This
trend for occurrence of oral cancer in younger age groups has also been
suggested by the studies of White and co workers (1978) as well as other
investigators (Abdel-Latif, 1976, Shemen et al., 1984).
White et al. (1978) claimed (based on the data of the Department of
Pathology, Temple University) that in recent years, oral cancer in
people under 50 is increasing. In their four year survey, they noted a
steady increase in the percentage of patients under the age of 50. In
1973, 6.7% of accessioned squamous cell carcinoma cases were in
patients under 50, but in 1974, that figure jumped to 14.3%. In 1975, the
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figure was 21.7%, and in 1976, it had risen to 26.3%. It was not possible
to determine if this proportionate increase reflected changes in referral
patterns or an actual change in occurrence.
Shemen et al. (1984) reported a suggestion of increased prevalence
of tongue cancer in young men. Tongue cancer is extremely rare in
young age groups; its median age of onset is reported by the National
Cancer Institute to be 62 years. However, Shemen’s analysis of data
from both Memorial Sloan Kettering Cancer Center and National
Cancer Institute also indicated that the proportion of cases in males
younger than 40 years was increasing in a non-linear fashion. These
data were statistically significant. For women the pattern was less
clear. The authors speculated whether these observations possibly
indicated the introduction of new risk factors in young men. Since this
article provided both proportional rates and also was based upon a small
number of patients younger than 40 years (53 cases), it could not be
determined whether this result actually represented a valid general
population trend. At best, it may suggest the presence of a trend that will
have to be confirmed by subsequent studies.
In 1984, Rich et al. published a detailed analysis of age and site
variables for oral cancer in Australia. They contended that the average
age of patients was the result of a combination of younger age of onset for
patients with floor-of-mouth and tongue cancer and an older age of onset
for cancer of the buccal and maxillary alveolar mucosa. Their study
thus supports the suggestion of decreasing age prevalence for oral
cancer but only in cancer of the floor-of-the mouth and tongue.
Oral squamous cell carcinoma in children is extremely rare, but
a few individual documented cases have been reported. Krolls and
Hoffman (1976) pointed out that verified and well-documented cases
from the literature consisted of a 5-year-old child with a carcinoma of
the alveolar mucosa, a newborn boy with a tongue lesion, a 5-year-old
girl with a tumor in the floor of the mouth, and a 6-year-old with lingual
involvement. A case that involved the floor-of-the-mouth and tongue (the
lingual frenum area ) of a 10-month-old infant was also reported. In
their study of 14,253 cases, three cases were aged 14 at the time of
surgery and 16 patients were in the next age group (15-19 years old).
Thus, although one usually associates oral carcinoma with patients in
older age groups, it may, on occasion, affect children and adolescents as
well.
According to literature reviewed above, there is a strong
suggestion that in recent years, oral cancer may afflict younger people
more than previously. Accordingly, etiologic factors involved in
squamous cell carcinoma of children probably include agents other than
tobacco and alcohol and thus require further study.
It is important to be aware that many existing studies were based
upon data obtained from pathology departments of large cancer
hospitals, and thus were not population-based. This deficiency seriously
limits the ability to apply results of such studies to the general
population since proportions of younger people (e.g. under 40 years
among the general population) were not provided nor analyzed.
Accordingly, while one cannot deny the suggestion, the apparent trend
requires further investigation before it can be established as a valid
epidemiologic conclusion.
Oral cancer has traditionally been considered a disease of males.
For example, there is a male-to-female ratio of 8.2:1 in France, 6.4"1 in
Switzerland and 2.4:1 in Australia (Smith, 1973).
In 1957, Wynder reported that the incidence of oral cancer in a
10- city survey was 19.4 per 100,000 population for men and 5.2 per
100,000 population for women (A US Public Health Service Survey). This
data supported most other studies (Silverman and Gulante, 1966; Cutler
and Young, 1975) that oral cancer has a striking male sex predilection.
In general, both morbidity and mortality rates of oral cancer are
approximately three to four times greater in men (Shafer et at., 1983).
Krolls and Hoffman (1976) reported a preponderance of men
within their oral cancer study. Ninty three percent of all accessioned
cases at the Armed Forces Institution of Pathology were in men. The
only sites of oral carcinoma for which the percentage of men was less
than 90% were the buccal mucosa (78.7%) and the palate (85.9%).
However, this does not reflect a true population incidence since the
AFIP population is predominantly male.
In recent years, there appears to be a trend toward an
increasing incidence of oral cancer in females. Regarding the
occurrence of oral cancer in the US, the male-to-female ratio has
changed from 6"1 in 1952 to 2:1 today (Silverberg, 1987). This decrease
may be due to an increase in the number of women who smoke and the
fact that women outnumber men in the older age groups. Binnie et al.
(1972) and Smith (1973) suggested that this may be due to a fall in the
incidence of oral cancer in males with the incidence in females
remaining esssentially constant. However, Farr and Arthur (1972),
reported that the incidence in females may, in fact, be rising.
Easson and Palmer (1976), in analysis of figures from the Christie
Hospital and Holt Radium Institute in Manchester, England,
calculated the sex ratio by site for different decades. They suggested that
the previous male-to-female ratio will soon fall to a one-to-one ratio for
certain anatomic sites. This seems particularly evident with cancer of
the tongue, the alveolus, and the cheek. The male-to-female ratio for
the hard palate is already 1 to 1 having been more than 3 to 1 some 30
years ago. The data from Silverberg’s study (1981) suggests a similar
trend in that the male-to-female ratio has dropped from 6:1 to 2:1.
In spite of cautions one must observe in interpreting such data,
some information of interest can still be extracted especially considering
the substantial volume of data involved. The clear impression from
above studies is that more women are afflicted now by oral cancer than
in previous years. The male-to-female ratio for oral cancer is, in recent
decades, decreasing and appears to be approaching equal distribution in
both sexes.
Based on the data collected from the American Cancer Society
during the 25-year period from 1949-51 to 1974-76, Silverberg and Cyril
(1979) reported that overall cancer incidence rates for U.S. blacks
increased 8 percent while for whites, it dropped 3 percent. During the
same period, cancer mortality for blacks increased 26 percent; for whites
it increased 5 percent.
Cann (1985) reported the age-adjusted incidence of oral cancer in
the US during the 30 year period from 1947-1977. For black males, it
increased from 10.9 to 18.3 cases per 100,000, whereas in black females,
it rose from 5.3 to 6.7 per 100,000.
In 1985, Antini et al. reported an increase in the incidence of oral
cancer in both black male and black female South Africans since the
1950s. This increasing incidence has been attributed to the
urbanization process which is rapidly taking place among the blacks in
South Africa with the accompanying increase in exposure (especially of
women) to alcohol and tobacco (Antini et al., 1985).
Langdon (1985) concluded that various ethnic groups with dark
skins have low oral cancer rates in comparison with fair skinned people
living in the same areas. However, this difference is apparently due
entirely to different incidence rates of lip cancer which has been
inappropriately classified as oral cancer in many situations (Mahboubi,
et al., 1982; Alan et al, 1985). Krolls and Hoffman’s study of 14,253 cases
of "oral cancer" also suffers from the inclusion of 5,952 cases of lip
cancer. Thus, in analysis of a specific variable of oral cancer (e.g. age,
sex, race), one must be careful to exclude lip cancer since inclusion of
such can significantly affect statistical results and subsequent
interpretation.
Hansen et al. (1985) demonstrated that in Connecticut, there was
a predilection of oral cancer of the buccal cavity and pharynx (including
lip cancer) for both non-white males and females as compared to the
white population. From 1968 to 1982, the average incidence rate for
white males was 17.9 per 100,000 population while for non-white males,
it was 20.8 per 100,000. For white females, the rate was 5.7 while for
non-white females, the rate was 6.6 (both figures, per 100,000
population).
Silverberg (1979) speculated that most of the difference in black
and white cancer rates were attributable to environmental and social
factors rather than to inherent biologic characteristics. Reportedly, a
higher percentage of blacks than whites are in the lower socioeconomic
groups; accordingly risk of exposure to industrial carcinogens may be
increased. Also, limited educational opportunities may prevent early
detection as the less educated are less likely to seek regular dental care
and also are less likely to recognize early signs and symptoms which
could lead to an early diagnosis (Silverberg, 1979).
Although oral cancer may occur at any intraoral site, certain
sites are more frequently involved than others. The site frequency of oral
cancer occurrence has been analysed in many hospital-based surveys,
and proportional rates have been published. Easson and Palmer (1976)
compared the distribution of intraoral cancer according to site and sex
in two different decades. Their data are based on 8,500 patients with oral
cancer in Manchester, England. According to their study, the tongue is
the most frequent site followed by the floor-of-mouth (males), buccal
mucosa (females) and alveolar ridge. When the two decades are
compared, it is noted that there is a trend toward an increase in cancer
of the alveolar ridge in both sexes over the 1960’s as compared to the
1930’s. However, there was a decrease in cancer of the floor-of-mouth
over the same time period.
Tan’s Australian study (1969), which excluded lip cancer and
included only cancer of the intraoral cavity proper, showed that the
tongue accounted for 44.7% of 1,577 cases of oral cancer; floor-of-the-
mouth, 20.8% of cases; gingiva or alveolar mucosa, 13.4%; palate,11.4%;
and buccal mucosa, 9.7%. However, in another article dealing with an
Australian population, Rich and Radden (1984) concluded that the most
common site of involvement was the floor-of-the-mouth followed in
decreasing order by the tongue, alveolar mucosa and retromolar area.
Antini et al (1985) reported that, within the white European,
North American, and other South African population groups, the palate
was the least frequently affected site for oral cancer. In contrast, within
black South Africans, lesions of the palate were much more common
being less frequent only than tongue and floor-of-mouth lesions.
Krolls and Hoffman’s AFIP study (1976) included 14,253 cases of
"oral cancer". If cases of both upper and lower lip are omitted, intraoral
sites then account for 8,301 cases. Of the latter, tongue lesions
represented 37.5% of the total; the floor-of-the-mouth, 30%; and gingiva
or alveolar ridge, 11%. These sites are followed by the palate (9.5%),
tonsils(8%), buccal mucosa (3%), and uvula (1%). Krolls and Hoffman
also noted that in more recent years, there is an apparent trend for a
small increase in the percentage of cancers that develop in the floor-of-
the-mouth. For oral cancers diagnosed before 1970, there were 2,854
(20%) carcinomas of the tongue and 2,335 (16.4%) of the floor-of-the-
mouth; the percentage difference being 3.6% of the total of 14,253 cases
(lip included). However, for those diagnosed after 1970, the percentage
difference between the two locations had dropped to 0.8%.
In summarizing the anatomic distribution of oral cancer studied
by various authors, it is clear that the tongue and floor-of-the-mouth are
the sites in which oral cancer occurs most frequently. However, there
is a distinct possibility of significant error in precise location of lesions
due to the difficulty of establishing origin of massive tumors and also
through unfamiliarity of the examiner as to specific sites within the oral
cavity. Beyond the various investigational errors, it is certainly possible
that true differences in site-specificity for oral cancer distribution may
exist within different population groups. Differences in race,
environmental carcinogens, geographic location and regional cultural
habits may all impact on site specificity.
GENEKALOBJECTIVES
The primary research objective of this study was to provide an
analysis of the trends of oral cancer in Connecticut over the fifty one year
period between 1935-1985 inclusive. This descriptive epidemiologic study
will demonstrate patterns of occurrence of oral malignancy regarding
the following variables: age, sex, intraoral sites of oral cavity, histologic
differentiation, and geographic locality.
A secondary objective was to determine whether oral cancer cases
obtained through the files of the University of Connecticut (UConn) Oral
Pathology Biopsy Service from 1975 through 1986 are representative of
oral cancer within the State.
SPECIFIC OBJECrlVES
This epidemiologic research project focuses primarily on patterns
of oral cancer occurrence in Connecticut over the fifty-one year period,
1935 1985. The intent of this segment of the research project was to
permit the following questions to be addressed:
With respect to the past half-century in Connecticut,
1. What is the incidence rate of oral cancer? Has it shown any
significant increase or decrease?
2. Is oral cancer more common in women in recent years?
3. Is there any significant shift of age distribution of oral cancer
to younger individuals?
4. Have there been any shifts in site-specific locations of oral
cancer over this time period?
5. Have there been any shifts in the histologic features of oral
malignancy in Connecticut?
6. What is the geographic distribution and shift of oral cancer
within Connecticut during the study period of time?
The secondary research objective is to assess whether oral cancer
cases accessioned at the University of Connecticut Health Center are
representative of State-wide oral cancer cases regarding age, sex,
intraoral sites of cancer and histologic differentiation. Comparison of
UConn data with that of the State Tumor Registry data will also provide
the means to evaluate the impact of University of Connecticut School of
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Dental Medicine educational efforts towards more effective diagnosis of
oral cancer in the State. Additionally, this comparison should indicate
whether or not the University of Connecticut Health Center data could
serve as valid indicators for future studies relative to oral cancer in
Connecticut.
MATIdAI AND METHODS
The main source of the data used in this study was the
Connecticut Tumor Registry (CTR). This agency was established in 1935
and is both the oldest population-based cancer registry in the world and
the largest in the United States (NCI, 1975). Malignant tumors of State
residents have been reported to the Registry since 1935. These reports
are carefully reviewed for accuracy and other qualitative features, coded
and prepared for data processing. This information is stored on Health
Department computers and is used for surveillance and research
activities. A computer tape prepared by the Tumor Registry for the
national Surveillance-Epidemiology-End-Results (SEER) program
provided the bulk of cancer data for this study. This information, on
magnetic tape, was transfered to a 3.5 inch personal computer disc and
read on IBM compatible personal computers. The software package,
SPSS (Statistical Package for the Social Sciences) was used to .evaluate
patterns of oral cancer for variables of interest.
The Oral Pathology Biopsy Service at the University of Connecticut
Health Center is a major diagnostic laboratory for Connecticut
practitioners. It is the only one of its kind in the State and serves a
variety of clinicians (primarily dental) throughout the State. The Oral
Pathology Biopsy Service in the University of Connecticut has grown
substantially since its establishment in 1973. During the first year, a
total of 426 specimens was accessioned. In 1986, a total of 3,776
specimens was accessioned and diagnosed. This represents
approximately a 9-fold increase in total cases since 1973 and a 2.5-fold
increase since 1975. The total of 3,776 cases in 1986 is 1.6 times that of
the average case load of U.S. dental school oral pathology services
(Miller, 1988). Material received from 1975 through 1986 has been
included in this segment of the study.
In regard to UConn data, there are two main sources of
specimens" one is the University of Connecticut medical and dental
clinics located within the John Dempsey Hospital, Farmington,
Connecticut and associated out-patient clinics. The other is the
numerous private practitioners scattered throughout the State. The
latter source contributed 31,635 specimens, accounting for 94.6% of all
accessioned cases. All cases of oral malignancy were retrieved, verified
and tabulated. Appendices A and B are samples of the data collection
forms used to encode oral cancer cases. The data were derived from the
biopsy request forms, histological records and reports. Histological
specimens were available for verification in 99 percent of all diagnosed
cases. Raw data, after collection, coding or re-coding, were key-punched
and transfered via computer magnetic tape to disks for use on a
personal computer. These data were analyzed using SPSS software
package. Analysis was performed on IBM compatible computers in the
Lyman Maynard Stowe Library at the University of Connecticut Health
Center and in the Department of Restorative Dentistry.
Term|rlogy
A) Oral cancer
It must be noted that the term "oral cancer" is, by historical
usage, somewhat vague and lacks precise definition in terms of either
lesion location or histogenetic origin. The literature is replete with
examples in which this term was used in different contexts with
resultant far-different meanings. In this study, unless otherwise
specifically noted, the term oral cancer refers to malignancies of the
lip, tongue, gingiva, floor-of-the-mouth, buccal mucosa, palate,
retromolar and other unspecified parts of the mouth. According to the
International Classification of Diseases (ICD) Revision 9, these sites are
covered by the coded numbers 140, 141, 143, 144, 145 (see Appendix C).
Histologically, for the purposes of this study, the term, "oral
cancer" is taken in the broad context to include squamous cell
carcinomas plus a small number of other malignancies including
lymphomas, sarcomas, melanomas and intraoral minor salivary gland
malignancies. Due to generally accepted similar etiologic factors, the
final statistical analysis will deal only with invasive squamous cell
carcinomas originating from intraoral surface epithelium. Cases of
squamous cell carcinoma of the lip plus intraoral malignancies other
than squamous cell carcinoma will be excluded. Thus, data from this
well-defined and limited subgroup of oral cancers will be reliable in
terms of describing a disease based on similar etiologic and pathogenetic
variables. Accordingly, results would then be applicable to other studies
in which similar limited criteria are applied. The ability to directly
compare results of this investigation with other different studies (past
and future) should be very useful in terms of analysis of traits and
prediction of future trends.
B) Cancer of the lip
In prior usage, lip cancers (ICD 140) are frequently recorded as
examples of oral cancer in spite of the fact that lip cancer is quite
different from intraoral cancer in terms of etiology, pathogenesis,
treatment and prognosis. Accordingly, mortality data therefore tend to
reflect an erroneous indication of both higher incidence and longer
survival for oral cancer than was actually true. It follows then that for
purposes of statistical analysis, cases of lip cancer should not be
recorded simply as examples of "oral cancer" since to do so creates
obviously misleading impressions. Cases of lip cancer are included in
in the overall "oral cancer" category but are omitted from the statistical
analysis which deals only with invasive intraoral squamous cell
carcinoma.
C) Major salivary gland malignancies
Similarly, malignancies of major salivary glands are often
included within the overall broad category of oral cancer. However,
such inclusion creates the error of falsely inflating incidence and
prevalence rates. Further, there is no evidence to suggest that the
pathogenesis of major (or for that matter, minor) salivary gland cancer
is at all related to that of squamous cell carcinoma of surface mucosa.
Therefore, inclusion of major salivary gland cancers as examples of
oral cancer could well introduce significant errors not only in incidence
rates but also in statistical analysis for age, sex, location and other
variables. Accordingly, cases of major salivary gland cancer (ICD 142)
will be excluded from this study.
D) Minor salivary gland malignancies
These cases, where encountered, are included as examples of oral
cancer but will be excluded from final statistical analysis which will
deal only with invasive squamous cell carcinomas of intraoral surface
origin.
E) Pharyngeal cancer
In some officially published records as well as journal articles,
malignancies of pharynx and tonsils are inaccurately included within
the overall term, "oral cancer". Since such inclusion obviously is
erroneous, malignancies of pharynx and tonsils, when encountered
during data collection, will also be excluded.
F) Basal cell carcinoma
The University of Connecticut file contained 20 cases of cutaneous
basal cell carcinomas of the oral and maxillo-facial region submitted
conventionally by patrons of the service. These cases have been excluded.
G) Verrucous carcinoma
Verrucous carcinoma is a distinct entity which usually exhibits
slow growth and low metastatic potential. Accordingly, it carries a far
better prognosis than conventional squamous cell carcinoma (Jacobson
and Shear, 1972). There were 44 cases of verrucous carcinoma within
CTR data and 25 cases within UConn files. These cases were included
in the broad category of oral cancer, but were excluded in the final
analysis of intraoral squamous cell carcinoma as previously defined.
H) Carcinoma "in- situ"
Carcinoma "in-situ" is a term that describes dysplastic change
within the entire epithelial thickness but limited, in extent, to the
epithelium itself. Thus, by definition, it is early carcinoma without
capability of metastasis. Accordingly, both treatment and prognosis are
far different from that of invasive squamous cell carcinoma. In this
study, cases of carcinoma "in-situ" are excluded from the category of
intraoral squamous cell carcinoma but included in the analysis of
overall oral malignancy.
In summary, cases within the broad category of "oral cancer" will
include those of lip cancer as well as intraoral minor salivary gland
malignancies, other rare forms of intraoral cancer, carcinoma in-situ
plus those of conventional invasive squamous cell carcinoma of surface
origin. From those cases, two sets of data will then be generated; one
for the total numbers of all traditionally classified oral malignancy
except major salivary gland tumors (e.g. including lip, minor salivary
gland and rare forms of intraoral malignancies plus squamous cell
carcinomas of surface mucosa). The other set will include only invasive
squamous cell carcinomas originating from intraoral mucosal surface
(cases of carcinoma in-situ, excluded). Analysis of results will help
determine the impact of including lip, major salivary gland tumors and
other non-oral malignancies on overall oral cancer incidence rates.
Spanofstudy
Most diagnostic information both within the Connecticut Tumor
Registry and the University of Connecticut Oral Pathology Biopsy Service
is limited to information submitted on original accessioning forms.
However, with the passage of time, medical records become more
complete in regard to data that may have been originally unobtainable,
inaccurate or missing. It is therefore established practice to accept case
information at the time of latest revision as the most complete and
reliable. In order to obtain optimally accurate data, a period of at least
two years post-initial diagnosis should be allowed to permit corrections
in coding of primary site, histology, extent of disease, residence, and
other variables. Moreover, the Connecticut Tumor Registry data files
are up-to-date only to 1985. Therefore, this study will utilize Connecticut
Tumor Registry data only from the period of 1935 to 1985 inclusive. Data
from the University of Connecticut Oral Pathology Biopsy Service is
complete and accurate from 1975 to 1986 inclusive. More recent cases
(1987 and later) will not be included in this study.
$,notomical sites of the oral cavity
Various subsites of the oral region not only consist of different
component tissues, but also differ significantly in terms of treatment
and prognosis of malignancies occurring at each site. Accordingly,it is
not practical to simply group these sites together as one anatomic
region. Therefore, in this study, the intraoral cavity is sub- divided into
the following locations in order to analyze site-specificity:
1. Tongue
2. Gingiva or alveolar ridge
3. Floor-of-mouth
4. Palate
5. Buccal mucosa
6. Retromolar area
7. Miscellaneous sites
The analysis of lesion sites as well as age of patients and
histologic differentiation will be applied only to cases of invasive
intraoral squamous cell carcinoma. Obviously, site-specificity is of
value only when studying the same histologic type of disease. There is
little or no rationale for subdividing sites when cases actually may
represent totally different disease (i.e. histologic forms of malignancy).
Age
For purposes of this study, the patient’s age is defined as the age
at the time of diagnosis. For all tables, patient’s ages are grouped into
those falling within a ten year span up to age 80. All those 80 and over
are combined together. Unknown age cases (77 of 9,708 cases or 0.8% of
total) are tabulated in all frequency tables but are not included in rate
calculations.
The median age is the age of the patient at the 50th percentile
when ages are tabulated from youngest to oldest. The median age
therefore represents the central tendency of age distribution within a
given group. The mode of age is the age at which a malignancy occurs
most frequently. In some statistical analyses, mean, median and mode
age will be calculated and illustrated.
Connecticut had a predominantly white population with less than
5% of the residents either black or of other races until the 1960s. In 1980,
the census statistics showed 9.9% nonwhite, 7.0% black. Information of
color was recorded by the CTR until 1949 and then was dropped during
the 1960’s when sensitivity on racial issues was high. As some hospitals
did not submit information on race of patients for the entire period
following the 1960’s, data for race must unfortunately be regarded as
incomplete (Heston, 1986). Therefore, analysis of data regarding race
will not be carried out. However, historical information in regard to
race of patients with oral cancer, is nonetheless important and is thus
retained within the previous literature review section.
Geographic location
Analysis with regard to geographic location will be accomplished
using administratively designated counties within the State. Counties
are chosen because this governmental subdivision has existed for many
years and conveniently yields relatively precise data regarding resident
population from census figures. Health service districts are also
subdivided according to county as well. Thus, subdivision by county is
well-suited for use in population studies.
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Hansen et al., (1985) employed a new system of geographic
subdivision in their recent incidence study ( Connecticut Cancer Atlas
Incidence, 1958-1982). Based on division of towns as administrative
units, their system divided the State of Connecticut into 14 areas with
similarities both in population composition and socio-economic
characteristics. Although useful in epidemiological research, Hansen’s
method could not be utilized in this study, since CTR data regarding
residence of oral cancer patients was not coded in this manner. Thus
data utilizing the two methods of population subdivision cannot be
directly compared.
The State of Connecticut is divided into eight counties: Fairfield,
Hartford, Litchfield, Middlesex, New Haven, New London, Tolland and
Windham. Date of diagnosis and place of residence at time of diagnosis
are used for allocation to year and geographic area. The population of
each county is derived from census data (U.S. Department of
Commerce, 1930, 1940, 1951, 1960, 1973, 1982)and is shown in Appendix
D. The population of each county was used to calculate the incidence
rates by sex and periods of year. The intercensal population counts were
estimated by the method of linear interpolation. Numerators for the
calculation of cancer incidence rates will be derived by averaging
five-year frequencies.
Coding systems, not only for oral cancer but for other cancers as
well, have changed during the years mainly for purposes of achieving
compatibility with sets of data from other organizations. The World
Health Organization has published four Revisions of the International
Classification of Disease (ICD, 6th-9th Revisions) during the past 50
years. Although several systems for coding oral cancers were employed
in the Connecticut Tumor Registry, all codes of cancer cases were
converted to the ICD-O (International Classification of Disease for
Oncology) system in 1977. This scheme has remained in use through
the present (Flannery, 1985).
Statistical methods and presentation ofresults
The following brief review of common epidemiologic terms is
provided to clarify their meanings.
The occurrence of disease in a human population is generally
expressed by two rates:
(1) Incidence rate" The number of new cases of disease in a
defined population (usually 100,000)in a given period of time (usually 1
year). In this study, the incidence rate is refered to only as an average
annual rate. If used otherwise, it will be specifically noted and defined.
(2) Prevalence rate" The number of cases of a disease in a defined
population (usually 100,000) at a specified time.
The incidence rate is a direct estimate of the probability of risk of
developing a disease during a period of time; it will be the primary
measurement rate used in this study. The prevalence rate of a disease
is a function of the incidence rate of a disease multiplied by the duration
of a disease.
For purposes of convenience, both to demonstrate trends of oral
cancer occurrence and to compare results in this study with those in
other studies, three types of incidence rates will be used.
1) Crude incidence rate
This designation is used in analysis of overall oral cancer as well
as intraoral squamous cell carcinoma occurrence. Crude rates are
summary rates based on the actual number of cancer cases in a total
population over a given period. The calculation for the designated
period is determined by the total number of the cases divided by exposed
population.
For example:
No. ofmale patients
with oral cancer
Crude incidence rate in 1935-39
for oral cancer in = x 100,000
males]100,000,1935-39 Sum ofmale residents
each year, 1935-39
Generally, cancer is primarily a disease of elderly people. It
follows then that age is a major factor influencing crude incidence
rates of oral or other cancer. The higher the proportion of elderly people
in the population, the higher the crude incidence rate for that
population. Thus, the use of crude rates tends to obscure significant
differences in risk that may exist within age subgroups of the
population. Therefore, total population is not an appropriate
denominator if one wishes to determine a specific cancer incidence rate
while taking into account the effect of age group composition.
2) Age-specific incidence rates
For proper understanding of epidemiologic aspects of oral cancer,
detailed age-specific rates are needed. The age-specific incidence rate is
calculated by taking the total number of cases of a given age group (for a
given time period) divided by the sum of the population for that age and
time.
For example"
No. ofmale patients
Age-specific with oral cancer
incidence rate age 60-69, 1935-39
of oral cancer = x 100,000
/100,000, males, Sum of male residents age
age 60-69, 1935-39 60-69 each year, 1935-39
Age-specific rates also provide means for determining a birth
cohort analysis which is useful in determining possible time trends. A
birth cohort is defined as a group of individuals born during a specific
time period (e.g. a decade in this study). Analysis of such cohorts
provides information on how the incidence of a cancer is changing over
time. It may also give clues to the etiology of a cancer since members of
a birth cohort are likely to share common exposures that may have
changed over time.
3). Age-adjusted rates
Adjusted rates are summary rates that have undergone
statistical transformation to permit a fair comparison between groups
differing in some characteristics (e.g. age, sex, race) that may affect risk
of disease. Adjusted rates are only meaningful when presented in a
direct comparison between two or more populations within the context
of a single study or report (Pindborg, 1980). In this study, age-adjusted
analysis is used to permit a valid comparison of cancer rates between
decades with the differences in Connecticut age distribution eliminated.
Age-adjusted rates are derived by the direct method with the use of the
1970 U.S. one million population distribution as the standard (Appendix
E). The calculation is made as follows" a) that each age-specific rate
per 100,000 is weighted by the proportion of the standard population in
that age group; then b) the sum of the weighted rates for all the age
groups yields the age-adjusted rate for that period of time.
For example:
Age-adjusted incidence
rate/100,000 males,
1935-39
(Age-specific rate,
male age 0-29,1935-39)x
(standard population)
1,000,000
(Age-specific rate, (Age-specific rate,
males age 30-39,1935-39)x males age 80+, 1935-39)x
(standard population) (standard population)
-t- ooo-t-
1,000,000 1,000,000
The population data used in above calculations were produced and
provided by the Connecticut State Department of Health Services, Vital
Statistics Division. The 1935-1979 data were cited from the Monograph
70, NCI, 1986, and the 1980-85 data were obtained directly from John
Flannery, Chief of the Connecticut Tumor Registry (1988). The basis of
population estimates is the decennial population count taken by the
United States Bureau of the Census. Both linear interpolation and
component methods were used in the estimate of intercensal population
(NCI, 1986).
To express the anatomic site occurrence of oral cancer,
frequency (proportional rate) is used and expressed as the percentage in
one site versus that seen in all sites.
For all tables categorized by either age, sex, specific location or
histopathologic type, data are presented by 5-year periods of diagnosis.
The only exception to this rule is the last period of the study (from
1980-1985 inclusive) which covers a 6 year span. The six year interval is
included in order to use the latest data with maximum information
available. Inclusion of the last year (1985) will not adversely affect or
bias results of the study since rates and averages (rather than single
case numbers) are the main measurements employed for statistical
analyis in this population-based study.
For analysis of data from the University of Connecticut, cases are
grouped into four successive three year intervals (1975-77, 1978-80,
1981-83, 1984-86).
Results are presented both graphically and in tabular form. Rates
are tabulated to one decimal place.
Histologic grading
Sections of oral biopsy cases of squamous cell carcinomas from
the University of Connecticut service, stained routinely with
hematoxylin and eosin, were retrieved and re-examined for purposes of
confirming accuracy of histologic grading. Re-evaluation was
undertaken by the investigator with the aid of two senior oral pathology
staff.
The basis for histologic grading used in this study was as follows
(WH0,1971):
A) Squamous cell carcinoma, Grade I
In well-differentiated squamous cell carcinoma, cells are
predominantly mature squamous cells with distinct intercellular
bridges and numerous keratin pearls; there are less than 2 mitoses per
high-power field and cells display minimal nuclear or cellular
pleomorphism.
B) Squamous cell carcinoma, Grade II
In moderately-differentiated squamous cell carcinoma, epithelial
pearls are infrequent or even absent. Intercellular bridges are not
conspicuous; there can be as many as 4 mitoses per high-power field,
and moderate pleomorphism of cells and/or nuclei is observed.
C) Squamous cell carcinoma, Grade III
In poorly-differentiated carcinoma, epithelial pearls are rarely
seen; intercellular bridges are not seen, and there can be more than 4
mitoses per high-power field. Cellular and nuclear pleomorphism can
be exaggerated.
L ConnecticutTumorRegistry Data
Overall incidencemanddsoforal cancer
During the 51-year study period (1935-1985 inclusive), a total of
9,708 cases of verified primary oral malignant neoplasms were reported
in the State of Connecticut. This was 3.8% of the total of 397,430
malignant neoplasms reported within the same period and included
cancer of the lip plus malignancies of the oral cavity proper (major
salivary gland tumors excluded). It was found that oral cancer as a
group, was the tenth most common category of overall malignancy and
followed cancer of the breast, colon, bronchus and lung, prostate,
rectum, stomach and urinary bladder in decreasing frequency
(Flannery, personal communication, 1988).
Table 1 gives absolute numbers of new oral malignancies
diagnosed during the past 51 years. This table shows a clear indication
that oral cancer for both males and females is increasing. For example,
the average number of oral cancer cases in the first 5-year period
(1935-39) was 104 per year; however, in the last study period (1980-85), an
average of 262 cases were diagnosed each year (Fig.l). This represents
an average increase in number of reported oral cancers of about 2.9
percent per annum.
Table 2 shows the crude incidence and age-adjusted rates. Fig. 2
exhibits the trends of age- adjusted rates. For males, the rates rose
slightly from the 1940’s to a peak in the 1960’s, after which they appeared
to decline. The female age-adjusted rates showed a gradual increasing
trend from 1.4 per 100,000 in 1935-39 to 4.1 per 100,000 in 1980-85. This
represents an approximate three-fold increase. The crude incidence
rate (for females) also exhibited a similar increase. For males, the
increasing crude incidence rate rose steadily to a peak in 1960-64 and
then declined. However, the overall crude rate for both sexes combined
showed an increasing trend over the years of the study (Fig. 3).
Both absolute case numbers and crude and age-adjusted rates are
considerably higher among males, although the male/female ratio has
obviously declined in recent years. The overall average male
age-adjusted rate for all years studied was 12.9/100,000; for females, the
average age-adjusted rate was 2.9/100,000 (Table 2). This data thus
supports the long-accepted notion that oral cancer is significantly more
prevalent in males than in females.
Incidence ofintraoral squamous cell carcinoma
There were 6,181 cases of squamous cell carcinoma from
intraoral mucosa in which definite categorization of location subgroup
as well as histologic characterization were reported to the Connecticut
Tumor Registry (Table 3). Intraoral squamous cell carcinomas thus
accounted for about 63.7% of overall oral malignancies. Lip carcinomas
accounted for 23.6% of the 9,708 total number of oral malignancies.
Incidence trends of intraoral squamous cell carcinoma are
demonstrated in Table 4. Results for intraoral squamous cell carcinoma
are quite similar to comparable rates for overall oral cancer. The only
significant difference is that, in contrast to the overall oral cancer rate,
the male age-adjusted rate of intraoral squamous cell carcinoma did
not exhibit a similar decline in the period following the early 1960’s
(Fig.4).
From the age-specific rates of oral cancer (Tables 5,6), one can see
that the highest rates (84.2/100,000 for males and 17.3/100,000 for
females) were found in the oldest age group (80 years and over) for both
sexes. Also, there was a clear indication that the older the age-group,
the higher the incidence rate. This is demonstrated in Fig. 5. Thus,
with simple extrapolation, it is seen that incidence continues to rise
until the end of the life span.
Figs. 6 and 7 demonstrate the trend of age-specific rates of oral
cancer for males and females respectively. Incidence rates for males
aged 60 and beyond show a notable decline over years of the study. The
female age-specific rates increased dramatically especially among the
age-groups of 40-69 years (Fig. 7). From 1935-39 to 1980-85, the incidence
rate of females aged 40-49 increased from 0.5/100,000 to 4.7/100,000 a
9.4-fold increase; 50-59 years age group increased from 2.3 to 9.2 a
4.0-fold increase; 60-69 years from 4.0 to 16.0, a 4.0-fold increase. The
trend of increasing oral cancer occurrence in females over the years is
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mainly attributable to increased incidence among these three
age-groups. Analysis of trends in incidence rates by birth cohort was
conducted and is demonstrated in Figs. 8-11. The female cohorts born in
1900-1920 exhibited higher incidence rates than previous cohorts in both
overall oral cancer and intraoral squamous cell carcinoma occurrence
(Figs. 9 and 11). This phenomenon is not observed in corresponding
male cohorts (Figs. 8 and 10). The patterns for males show a decreasing
trend after age 55 in the rates for 1900 birth cohort and after, and for age
65 and 75, it actually exhibits a decline.
There was evidence that during recent years (from 1960’s to
present), the male age-specific incidence rate of intraoral squamous cell
carcinoma in patients aged 30-39 years was increasing (Table 7 and Fig.
12) from 0.4/100,000 in 1965-69 to 1.5/100,000 in 1980-85 However, a
similar trend was not seen among females (Tables 8 and Fig. 13).
In regard to the relationship between specific location of lesions
and the patient age, the peak age group in which the most cases
occurred for any site and sex was 60-69 years (Table 9 and Fig. 14). This
was true for all groups except for buccal mucosal tumors among males
in which the peak age was 70-79 years and retromolar tumors among
females in which the peak age group was the 50-59 years.
The age distribution of patients with intraoral squamous cell
carcinoma can be seen in Table 10 and Fig. 15. Ages ranged from 8 to
102 years with the majority of cases occurring between the age of 50 and
80 years. Most cases of primary intraoral squamous cell carcinoma
occurred in the seventh decade, i.e. between 60-69 years. The age
distribution of patients at the time of diagnosis was essentially the same
for both sexes. The average, median and mode age of all cases was
coincidently the same at 63.0 years. Table 11 and Figs. 16, 17 show the
age-distribution of patients with intraoral squamous cell carcinoma by
year for both males and females.
The distribution of mean age for each site is presented in Table 12.
The data show no distinct pattern during the years; thus no clear trend
could be established.
Table 13 shows the male- to- female ratios for both total oral
cancer (lip included) and intraoral squamous cell carcinoma over years
of the study. These ratios are derived from and presented in three
different categories: absolute case numbers, crude incidence rates and
age-adjusted rates. Results demonstrate a conspicuous trend of
diminishing male-to-female ratio for both overall oral cancer and
intraoral squamous cell carcinoma. The male-to-female ratio for
overall oral cancer age-adjusted rates decreased from 10.4 (1935-39) to 2.7
(1980-85), a 3.9-fold decrease (Fig. 18). The ratio for age-adjusted rates of
intraoral squamous cell carcinoma diminished from 9.8 to 2.6, a 3.8-fold
decrease (Fig. 19). However, the average male-to-female ratio for oral
cancer in Connecticut during the past 51 years was within the range of
about 3-4"1, a figure consistent with the overall average figures for the
global population (Smith, 1973). Thus, overall, oral cancer still shows a
marked male predilection. Table 14 and Fig. 20 exhibit the relationship
between sex and anatomical site sub-group and the trends of
male-to-female ratios of intraoral squamous cell carcinoma over the
years of the study. For each individual sub-site, male-to-female ratios
showed a decreasing trend with a possible exception of the retromolar
area which included only a few data points. In fact, for squamous cell
carcinoma of the gingiva or alveolar ridge, the ratio in recent years was
even reversed to 0.7"1 (Table 14, Fig. 20). Overall, the floor-of- the-
mouth, tongue and the retromolar area exhibited the highest
male-to-female ratios (4.1, 3.2 and 4.2 respectively), and the gingival and
buccal areas exhibited the lowest male-to-female ratios (2.1 and 2.1
respectively).
Table 15 demonstrates specific intraoral locations of squamous
cell carcinoma. The tongue was the most common site for both males
and females constituting 41.8% and 39.5% of all cases, respectively. The
second most common location was the floor-of-the-mouth (25.8% and
19.3%) followed by the palate (10.2% and 13.5%) and the gingiva (8.3%
and 12.2%). Fig.21 shows the site distribution of intraoral squamous
cell carcinoma cases for both sexes. From Fig. 20 one can see that the
gingiva was the only location which exhibited a total female
preponderance in terms of relative frequency of occurrence (i.e. a
male-to-female ratio of less than unity) in recent years.
Histologic grading
In Table 16, the histopathologic grade of malignancy for intraoral
squamous cell carcinoma is presented according to the WHO
three-grade system (see Materials and Methods section). There were
2,743 cases of intraoral squamous cell carcinoma (CTR data) in which
the data for histologic grading were available. The majority of the cases
(54.3%) were classified as moderately-differentiated. Carcinomas of
different anatomic sub-sites exhibited a similar pattern for both sexes
with only one exception; that being that carcinoma of the retromolar
area for females exhibited a predominance of the well-differentiated
group (Grade I). Fig. 22 shows the distribution of histologic grading of
intraoral squamous cell carcinoma for both sexes combined.
Geographic loction
Table 17 shows annual crude incidence rates of oral cancer for
males and females by county and also shows trends over the years. Fig.
23 shows the average distribution of crude incidence rates by county.
The state average crude incidence rate for the past 51 years was
12.2/100,000 for males and 3.2/100,000 for females. There were two
counties for which the average incidence rates for both sexes were
higher than the rate of the State as a whole" Hartford (12.8 for males
and 3.4 for females per 100,000) and New Haven (12.7 and 3.3 per 100,000
respectively). The male rate for New London and the female rates for
Fairfield and Middlesex counties also exceeded the overall state level.
Tolland county had the lowest incidence rate (8.6/100,000 for males and
1.9/100,000 for females). In comparison with overall rates for the State,
rates for Tolland county were 42% and 68% lower (males and female
respectively). The second lowest rates were found in Windham county
(10.5 and 2.9 per 100,000 for males and females respectively). Also
noteworthy is the fact that in Litchfield and Windham counties, the
male-to-female ratio declined significantly over the years to a value of 1.4
to 1. This is due both to a steep increase in female oral cancer rates plus
a decreasing rate among males. A similarly diminishing
male-to-female ratio is not observed in other counties.
IL University ofConnecticut Data
A total of 33,429 specimens was accessioned by the UConn Oral
Pathlogy Biopsy Service during the period of study (1975-1986 inclusive).
Of these, a grand total of 566 was diagnosed as malignant (lip cancer
included, major salivary gland malignancies excluded). Exclusion of 20
cases of basal cell carcinoma of skin left a total of 546 cases of malignant
oral neoplasm (as defined previously). Table 18 shows the number of
malignancies and also the percentage of malignancies versus the total
case load during this 12 year period. Oral malignant tumors accounted
for 1.6% of the total oral cases. Fig.24 demonstrates that the percentage
of malignancies versus total numbers of accessioned cases exhibited a
tendency to increase over the years, but this trend was non-linear.
Table 19 and Fig.25 show the relative frequency of different types
of oral malignancies. Squamous cell carcinoma was by far the most
common type of oral malignancy with the total number of 396 cases
constituting 72.5% of all malignancies accessioned. If 17 cases of lip
cancer are excluded, there were total 379 cases of intraoral squamous
cell carcinoma which constituted 69.7% of all oral malignancy. There
were 60 cases of malignant minor salivary gland tumors (11.0%) and 36
cases of various other malignancies (e.g. metastatic lesions,
lymphomas, malignant melanomas, Kaposis’ sarcomas etc.). Fig. 26
shows the histologic breakdown of the various minor salivary gland
malignancies.
Table 20 and Fig. 27 subdivide cases of intraoral squamous cell
carcinoma by year and sex distribution. Both males and females
exhibited a trend toward increasing frequency of occurrence with time.
Cases in males increased from 43 cases in 1975-77 to 66 cases in 1984-86
(a 1.5 fold increase). For females, cases increased from 18 in 1975-77 to
51 cases in 1984-86, almost a 3-fold increase (Fig. 27). Table 20 also
shows the trend toward a decrease in male-to-female ratio. The latter
diminished from 2.4"1 (1975-77) to 1.3"1 (1984-86).
Table 21 shows male-to-female ratios by specific intraoral sites.
Overall, the trend of diminishing male-to-female ratio was quite
conspicuous. The buccal mucosa and gingiva had the lowest ratios of 0.9
and 1.0, respectively, whereas the FOM and retromolar areas had the
highest ratios (2.1 and 2.3).
Table 22 and Fig. 28 show the age distribution of intraoral
squamous cell carcinoma according to data derived from University of
Connecticut cases. Both sexes showed a peak age distribution in the
seventh decade (age 60-69 years). The mean age was 62.4, median age,
63.0 and mode age, 64.7 years. The youngest patient was 26 years of age,
and the oldest was 102 years old. These values are all comparable to
values derived from Connecticut Tumor Registry data, 1935-1985 (Table 7
and Fig. 12).
Table 23 and Fig. 29 demonstrate the site distribution for UConn
cases of intraoral squamous cell carcinoma. For males the floor-of-
mouth was the most common site (36.5%) followed by the tongue
(28.4%). For females the tongue was the most common site (32.6%)
followed by FOM (25.7%). The third and fourth most common sites for
both males and females were gingival and retromolar areas,
respectively.
The mean age for specific intraoral sites was not significantly
different over years of the study (Table 24). The youngest mean age was
found in patients with palatal carcinoma (58.5 years) whereas the oldest
was in patients with carcinoma of the buccal mucosa (69.7 years).
Table 25 and Fig. 30 demonstrates the breakdown regarding
histologic grading of cases of intraoral squamous cell carcinoma within
the UConn Service. In contrast to cases within the State Tumor
Registry, those from UConn showed a marked predominance of
well-differentiated tumors with 64.3% falling into this category. This
was followed by moderately-differentiated carcinomas (31.7%). Poorly-
differentiated tumors accounted for only 4.0% of all cases. The only
exceptions were those of male palatal and female retromolar
carcinomas where the number of moderately-differentiated carcinomas
exceeded those that were well-differentiated.
DISCUSSION
In recent years, there has been a curious lack of well-designed,
comprehensive investigations related to epidemiology of oral disease.
Apparently, this is an international deficit which has recently been
recognized as a significant problem (van der Waal, 1988).
Unfortunately, this paucity occurs in spite of the fact that properly
carried-out epidemiologic work has great potential for advancement in
scientific knowledge of oral as well as other forms of disease.
The primary impetus for this investigation was the clinical
impression of the oral pathology staff at the University of Connecticut
Health Center that the distribution and patterns of oral cancer in
Connecticut may have changed over the past 10-15 years. To
substantiate or refute this hypothesis, it was necessary to design and
implement an epidemiologic study to determine incidence rates and
demographic patterns of oral cancer in Connecticut during the past half
century. Only then could recent trends or changes in such be reliably
established.
The primary data in this study were obtained directly from the
Connecticut Tumor Registry. From these raw data, incidence rates
were derived, and different variables of oral cancer were analyzed on a
statewide basis. The comparison of such with data obtained from the
University of Connecticut Oral Pathology Biopsy Service provided the
means for more definitive characterization of oral cancer within the
state.
Incidenoe ofoal cance
Literature reveals that, in the United States, the oral region is a
relatively infrequent site for cancer, representing only 2-4% of all
malignant neoplasms (ACS, 1987). Using the broad definition of "oral
cancer" (including lip cancer but excluding major salivary gland
malignancies), it was found that the oral cavity was the tenth most
common site for cancer in Connecticut. During the past 51 years, 9,708
cases were reported in Connecticut residents which accounted for 3.8%
of 397,430 reported malignancies (Flannery, 1988).
During recent years (1980-85), an average of 262 cases of oral
cancer (as defined above)occurred in Connecticut each year. Thus, oral
cancer is a relatively small problem compared with cancer of all sites.
On the other hand, it is by no means an insignificant disease to be
ignored or neglected, especially considering both cure rates and the fact
that incidence of intraoral squamous cell carcinoma increases steeply
with advancing age. The marked increase in oral cancer within older
age groups (in Connecticut as well as within other states) combined with
the increased numbers of elderly individuals will undoubtedly yield
increasing numbers of oral cancer patients in future years.
In Connecticut, the average crude incidence rate for oral cancer
in males was 12.2 per 100,000; for females, 3.2/100,000. The age-adjusted
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rates were 12.9 and 2.9, per 100,000, respectively. The world’s highest
reported incidence of oral cancer is in India (Pindborg, 1975) with an
incidence rate of 33.0 per 100,000 in Ernakulam Indian males. This
represents a 2.6-fold greater incidence than that observed for males in
Connecticut.
When proposing to study incidence rates of a given disease, the
precise definition of the disease itself is the first and foremost factor to be
established. Diverse or imprecise usage of terms results in
inaccuracies; accordingly, comparison with other studies becomes
tenuous at best and thus cannot be done reliably. This difficulty is
exemplified within the American Cancer Society publication (ACS, 1987)
regarding use of the term, "buccal cavity and pharynx" in their
determination of oral cancer incidence. One can readily see that oral
cancer incidence rates derived from ACS data could well differ from
results reported here and elsewhere due to ACS inclusion of cases from
the pharynx, a site anatomically outside the limits of the oral cavity.
The American Cancer Society estimated that in 1985, there would be 500
new cases of "oral cancer" in Connecticut. Data here, however, revealed
a total of only 248 cases in 1985, less than half of the ACS projected
number. The magnitude of this discrepancy is due most likely to the fact
that ACS projections were based upon pharyngeal malignancies being
included within the overall category of oral cancer.
The importance of consistent terminology cannot be overstated.
To emphasize this point, it is noted that comparisons of incidence rates
from different studies often reveal dramatic differences. For example,
Langdon (1985) cited data from Waterhouse et al. (1976) to conclude that
the age-adjusted oral cancer incidence rate for males in Connecticut
and Iowa, was 9.2 per 100,000, a figure significantly lower than that
found in the present study. Similar to the prior illustration involving
ACS-derived data, this difference also can be explained in large part by
how one defines the term, "oral cancer". For example, Langdon
employed the term, "oral cancer", but failed to define its precise
meaning or limits. Consequently calculations from their study could
well have yielded results different from those in which oral cancer was
defined more precisely.
Another example of this type of error is the illustration in which
cases of intraoral cancer were combined with those of the lips, major
salivary glands, oropharynx and hypopharynx under the heading
"malignant tumors of the oral cavity and pharynx" (Jafarey, et al., 1976;
Son, et al., 1985; Utah Cancer Registry, 1988). Similar difficulties are
noted in other reports (Cutler and Young, 1975; Szpak et al. 1977).
Smith (1973) pointed out that the use of such terms in the all-embracing
sense obscures important differences between component subgroups
and also distorts the accurate characterization of cases which represent
true oral cancer. Procedural differences in registration alone could
affect reported incidence rates by as much as 20 percent (Sainio, 1977).
It thus becomes clear that valid comparison of national or
international studies requires both standardization of terms and similar
means of data management before valid conclusions can be drawn and
later applied. Well-conducted epidemiologic investigations of true oral
cancer should employ a restricted definition of the term, "oral cancer"
which would limit cases to those arising from the oral cavity proper. It
is regrettable that the number of such studies is minimal.
It should also be kept in mind that data from many articles in the
literature (Tan, 1969; Easson and Palmer, 1976) were based upon cases
either treated in major hopitals or accessioned in individual institutes.
These studies often exclude a significant number of oral cancer cases
treated elsewhere or perhaps not treated at all. Results of such studies
are not population-based and thus are not representative of true oral
cancer incidence rates. Accordingly, such studies are of limited value
in either providing a base for comparison or determining actual
epidemiologic trends.
Trends in incidence rates oforal cancer
Epidemiologic trends in oral cancer incidence rates have been
investigated by many authors throughout the world (Wahi, 1968;
Mahoubi, 1977; Pindborg, 1977; Smith, 1979). It is thought by several
investigators that oral cancer incidence rates (some crude and some
age-adjusted) are decreasing in many areas (Eddey, 1960; Phillips, 1961;
Tan, 1969; Svejda and Kosut, 1971; Szpak, 1977), while crude oral cancer
incidence rates in Connecticut (males and females combined) appear to
be increasing (see "Results"). This apparent trend in Connecticut may
be influenced by changes in medical care delivery, diagnostic practices,
medical definitions or changes in exposure to factors influencing
carcinogenesis. Precise reasons are unclear. It is also unclear if
trends observed in Connecticut apply to other states in the US or to the
country as a whole. This vagueness is due to the unfortunate fact that
there are minimal, long-term, nation-wide oral cancer incidence data
available for comparison. One study, however, reported oral cancer
incidence trends among whites in five geographic areas within the
United States (Devesa et al, 1987). Their data suggest patterns of rising
oral cancer incidence similar to those reported here within the
Connecticut population. These suggestions, however, require further
substantiation by future epidemiologic studies involving more restrictive
definitions and a much larger population base.
Trends of oral cancer incidence in Connecticut actually appear
quite different when males and females are compared. Male incidence
rates increased slightly from 1940-64 and then exhibited a reversal with
decreasing incidence from 1965 through 1985. For women, there was a
steady trend of increased oral cancer as measured by either absolute
case numbers, age-adjusted or age-specific incidence rates. For
example, the female crude rate in 1935-39 was 1.2 per 100,000. However,
in 1980-85, it rose to 5.3 per 100,000, almost a 4.5-fold increase. These
data contrast sharply with those of the American Cancer Society (1985)
which showed that incidence of oral cancer in the US as a whole
fluctuated only slightly for both males and females. Further, with
regard to ACS data, a strong trend for increased incidence of oral cancer
in females was not apparent.
Whether the observed increase in oral cancer incidence rates in
Connecticut females was genuine or perhaps a reflection of other factors
is open to question. The observed rise, however, could scarcely be
explained by improved diagnosis alone since all cases of invasive cancer
should eventually come to proper recognition. Additionally, it would be
difficult to explain why improved diagnosis would lead to increased
incidence rates in females but not in males. Considering all possible
explanations, it appears that the trend towards increased incidence of
oral cancer in females is real (rather than artifactual). The latter is
most probably due to relative increase in carcinogen exposure within the
female population in recent years.
In terms of etiology, there is no single clearly recognized cause of
oral cancer. However, several etiologic factors have been implicated
from studies among well-defined population groups (Wynder, 1957;
Moore, 1964). The action of such factors, whether by direct effect on oral
mucosa or by rendering tissues more susceptible to the action of
currently unrecognized carcinogens, is not completely understood
(Feldman and Boxer, 1979).
The major risk factors identified for oral cancer are tobacco
smoking and alcohol consumption (Vogler et al, 1962; Moore, 1964; Doll,
1972; Hartselle, 1977; Mahboubi et al, 1982; Schottenfeld et al., 1985). In
a study of US veterans, it was found that those who smoked 40 or more
cigarettes per day exhibited a 12-fold relative risk of dying from oral
cancer compared to those who didn’t smoke (Kahn, 1966).
Smokeless tobacco has also been linked to oral cancer.
(Squier,1984; U.S. DHHS, 1986). With sales of smokeless tobacco
increasing at the rate of 11 percent per year (Christen, 1980), it is
estimated that in 1980, there were 22 million users in the US (Harper,
1980), many of whom were young. The evidence suggests that increased
usage of smokeless tobacco in the US could well lead to an increased
incidence of precancerous and cancerous oral lesions in future
American generations (Squier, 1984).
In this study, age-adjusted incidence rates for oral cancer among
males in Connecticut appeared to level off and perhaps diminish slightly
after the 1960’s. This occurred in spite of the fact that cigarette smoking
has increased markedly during this century (Harris,1983). The
remarkable increase in consumption of tobacco in Connecticut is
demonstrated by the state cigarette taxes which increased from
$8,008,000 in 1950 to $11,505,000 in 1960, to $57,913,000 in 1970 and finally
to $77,161,000 in 1980 (The Tobacco Institute, 1987). A reasonable
explanation for this apparent discrepancy became evident upon
examination of age-specific rates. The present study found that there
was a decrease in age-specific incidence among males 70-79 years and
over, whereas the rate among males aged 40-69 increased slightly over
the period of study (Table 5 and Fig. 6). This increase was particularly
noticeable from the 1930’s to the early 1960’s. After the 1960’s, the
age-specific incidence among those 70-79 years of age and over continued
to decrease, whereas the incidence for the younger groups kept constant
with minor fluctuations. Rates declined among the oldest age groups,
perhaps in part due to decreased use of chewing and pipe tobacco in the
early part of this century (Devesa, 1987). Wynder (1957) claimed that
cigar and pipe smokers run a greater risk for oral cancer than
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cigarette smokers. This could be due to the fact that cigar and pipe
smokers tend to keep the smoke in their mouth longer than the inhaling
cigarette smokers or that they may be exposed to more concentrated
tobacco juices or increased heat from local combustion.
The increasing rates among males aged 40-69 are consistent with
the increasing use of cigarettes after World War I. The trend toward a
slight decline in oral cancer incidence among males after the 1960’s
does not correlate well with changes in smoking prevalence. However,
this may in part be due to improvements in nutritional status (Devesa,
1987) or the advent of filtered cigarettes. It may also reflect a decrease in
exposure to other risk factors that remain to be determined.
Both from the literature as well as data reported here, it is clear
that the incidence of oral cancer in females has been steadily increasing
over the past half century. With careful analysis of Connecticut data,
several interesting indications can be derived.
One can see that the overall increased incidence of oral cancer in
females was due premarily to a dramatic increase in incidence among
those aged 40-69 (Table 6 and Fig. 7). For example, the age-specific rates
for the female 50-59 year age group increased from 2.3/100,000 in 1930’s
to 10.3/100,000 in 1970’s, a 4.5-fold increase. According to the data, the
cohorts born between 1900-20 (age 40-59 during 1965-69 or 50-69 during
1975-79) experienced notably higher incidence risks. This is shown
clearly in graphic analysis of birth cohorts (Figs. 9 and 11). These same
cohorts would have been either adolescents or young adults at the time
when smoking in females become socially acceptable. Thus, the clear
upward trend in incidence rates among females is probably, in large
part, due to significant increase in smoking prevalence during the early
1920’s and 1930’s. This hypothesis is supported by Harris (1983) who
studied patterns of cigarette smoking among successive birth cohorts of
US men and women during 1900-80. It was also pointed out that
maximum exposure to smoking in women probably occurred in those
who are now in their fifth and sixth decades. Furthermore, recent
smoking cessation rates for men have exceeded those for women. Thus
many tobacco-related factors appear to contribute to the trend of
increased oral cancer incidence in the female population.
Although smoking patterns appear to corroborate findings of this
study, one must still observe caution and refrain from the premature
conclusion that increased oral cancer incidence in females is
attributable to cigarette smoking alone. The possibility exists that
increased risk among women born around 1900-20 may be related to
poor nutrition during the Great Depression and war years (Harris, 1983;
Devesa, 1987). Other factors such as alcohol consumption may also be
quite significant. It has been known for some time that excessive
alcohol consumption is associated with oral cancer (Wynder, 1957).
However, heavy drinkers generally are also heavy smokers, and
separation of the effects of alcohol from those of tobacco is difficult.
Nonetheless, there is the distinct possibility that social acceptability may
have lead to increased alcohol consumption among females with the
subsequent impact upon increased oral cancer incidence. However, the
magnitude of such effect, or whether or not there is any real effect at all,
remains to be determined.
Incidence ofintraoral sq__mous cell carci_’noma
It is well-established that squamous cell carcinoma of surface
epithelium is the dominant malignant neoplasm found in or around the
oral region (Waldron, 1970; Shafer et al, 1984). However, there is a
paucity of investigations that deal with the incidence of pure intraoral
squamous cell carcinoma (as distinct from overall oral malignancy) in
the general population. An exception is the report of Sainio (1977) who
studied crude incidence rates for oral cancer in Finland from 1935-62.
He demonstrated incidence rates for intraoral squamous cell carcinoma
of 1.1/100,000 in males and 0.9/100,000 in females. Average crude
incidence rates in our study were 7.5/100,000 for males and 2.3/100,000
for females, markedly higher than those in the Finnish study.
Hakulinen et al. (1986) recently reported that, in Finland, there was a
decreasing trend of lung cancer which the authors attributed to effective
anti-smoking measures including legislation, restrictions, price policy,
and health education. Reduction of tar and nicotine content of cigarettes
may also have played a role.
Data reported here revealed 6,181 cases of intraoral squamous cell
carcinoma from the CTR which accounted for 64% of the entire series of
oral malignant neoplasms over the period of study. This percentage was
lower than in other studies (Waldron, 1970; Lucas, 1971; Rowe, 1974;
Cann, 1985) and is probably due in part to imprecise histologic
descriptions on reports submitted to the Connecticut Tumor Registry.
For example, a significant number of cases (about 961 cases in all) were
reported as "malignant neoplasm", "malignant tumor, NOS",
"malignancy", "carcinoma, NOS" or "cancer" without more. specific
histologic description. Undoubtedly, a majority of such cases were
probably intraoral squamous cell carcinomas; however since histologic
description was incomplete, these cases were excluded from further
analysis. Thus this lack of adequate histologic classification could well
have produced the effect of lowering the percentage of squamous cell
carcinomas versus the total number of oral malignancies. Although
unvoidable in a large population-based study, this type of error will only
influence the percentage of intraoral squamous cell carcinomas versus
the total number of oral cancer cases reported. Overall oral malignancy
rates are not affected.
In this study, the mean, median and mode age of intraoral
squamous cell carcinoma for both males and females were all within
the seventh decade of life (i.e. age 60-69 years), a finding consistent with
most previous studies (Binnie et al, 1972; Waterhouse et al, 1974;
Langdon et al, 1977). This again substantiates the fact that oral
squamous cell carcinoma is primarily a disease of the elderly. In Krolls
and Hoffman’s study, there were 14,253 cases of oral squamous cell
carcinoma (lip included), and of these, 1,029 cases or 7.2% occurred in
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patients younger than 40 years. In data reported here, the percentage of
intraoral squamous cell carcinomas in patients younger than 40 was
2.4% for males and 4.3% for females. This difference in results between
the two studies was probably due in large part to the different patient
populations studied. Data derived from the AFIP involves military
personnel who overall, exhibit a relatively young average age.
Accordingly, the relative percentage of oral cancer in young individuals,
as reported in the AFIP study, would be expected to be greater. Thus
direct comparison of AFIP data with incidence data derived from the
general population is hazardous at best; in fact, findings from the two
studies cannot be accurately compared.
Data in this study reveal that the male age-specific incidence rate
of intraoral squamous cell carcinoma patients aged 30-39 years was
apparently increasing in recent years (from 0.6/100,000 in 1970-79 to
1.5/100,000 in 1980-85). However, a similar trend was not seen among
females. Similar tendencies were also noted by White et al. (1978) and
Shemen et al. (1984). Thus, data from the literature as well as those
reported here suggest a weak tendency for oral cancer to perhaps be
slightly more common in young men in recent years than previously
seen. If valid, this could indicate the introduction of new risk factors in
young men such as smokeless tobacco (Squier, 1984) or other agents.
These possibilities remain to be confirmed by future epidemiological
studies.
In data reported here, there was no conspicuous pattern in age
distribution when various anatomic sites within the oral cavity were
analyzed. All sub-sites exhibited a peak age of 60-69 years except buccal
mucosal tumors among males in which the peak age group was 70-79
years and retromolar tumors among females in which the peak age
group was 50-59 years. There is no apparent satisfactory explanation for
this. Overall, although a mild shift of oral cancer occurrence towards
younger generations is suggested, this is not a dramatic finding and
does not appear to be significant.
Perhaps the most impressive result in this study is the steep
decrease in male-to-female ratios with both overall oral cancer and also
intraoral squamous cell carcinoma. This decrease was due in part to
the fact that male rates remained relatively constant or increased only
slightly up to the 1960’s and decreased thereafter. Also there was a
definitive increase of oral cancer incidence among females. These data
support the contention of Farr and Arthur (1972) who suggested that the
incidence of oral cancer in females may, in fact, be rising. Others
(Binnie et al 1972; Smith, 1973) reported that the declining
male-to-female ratio was due primarily to a decline of incidence in
males with a relatively constant incidence among females. From
Connecticut data derived here, the latter hypothesis appears to be
unlikely.
Silverberg (1981) reported that the increasing incidence rate
among women was probably due to cultural changes (e.g.the
supposition that American women are now exposed to more
cancer-producing agents than before). Thus, the observed increased
incidence in all cancers may be attributed in part to the greater number
of women entering traditionally male-dominated sectors of the work
force. The observed decreased male/female ratio for oral cancer
parallels the well-documented declining sex ratio for lung cancer
which also presumably resulted in large part from increased cigarette
smoking in women (Silverberg, 1981). As this trend continues, a
one-to-one and even a reversed ratio may be expected in the future (U.S.
Department of State, 1982). The likelihood that this prediction could well
come true is further underscored by data derived in this investigation.
As shown in Figs. 12 and 13, if future oral cancer trends continue at
rates demonstrated here, a one-to-one ratio (i.e. equal incidence rates for
males and females) will be reached in the near future, approximately in
the year, 1991 (Fig. 31).
All data support the theory that, in recent years, oral cancer tends
to occur more commonly in women than it did in previous years. This
trend is definite and remarkable. The overall average male-to-female
ratio during the years of study was generally within the range of 3-4:1
(Table 13), a figure similar to that exhibited in most parts of the world
(Silverman and Galante, 1966; Smith, 1973; Cutler and Young, 1975).
However, the overall average ratio (3"1 to 4:1) is misleading since it
masks a dramatic change over the years from approximately 9"1 during
the 1930’s to 5-1 during 1960’s to almost 2"1 recently. This emphasizes
the statistical danger in accepting average figures over a prolonged
period of time. For more accurate determination of trends, intra-period
variation must be taken into consideration.
A comparison of male-to-female ratios in different anatomic site
sub-groups reveals that gingival, buccal and palatal areas exhibited the
lowest ratios. This finding is consistent with results of others (Easson
and Palmer, 1976). However, interpretation of this observation is
unfortunately difficult. One possible explanation is that this result may
simply reflect a higher prevalence of tongue and FOM cancer in males
secondary to effects of cigar and pipe (rather than cigarette) smoking.
This would produce a relatively lower rate for male gingival, buccal or
palatal tumors and consequently affect male-to-female ratios for various
subsites.
No site within the oral cavity is immune from squamous cell
carcinoma. However, certain sites, are well recognized as locations
where cancer occurrs relatively frequently; the latter are designated,
"cancer-prone" (Shafer et al., 1983). The lateral and ventral surface of
the tongue and the floor-of-the-mouth are recognized as the most
common sites for oral squamous cell carcinoma (Tiecke and Bernier,
1954; Ash, 1962; Rowe, 1974; Rich and Radden, 1984). This is thought to
be due to the fact that carcinogens within tobacco become dissolved in
saliva and tend to pool and accumulate in gravity-dependent regions of
the oral cavity, the so-called oral mucous reservoir (Lederman,
1956,1964). The present analysis of CTR data provides frequencies of
occurrence of intraoral squamous cell carcinoma in various anatomic
sub-sites over the 51-year period of study. The tongue was the most
common site followed, in order of decreasing frequency, by floor-of-
mouth, palate and gingiva (including alveolar ridge). This site
predilection is in general agreement with previously reported findings
(Tan, 1969; Rowe, 1974; Easson and Palmer, 1976; Krolls and Hoffman,
1976; Altini, 1985; Langdon, 1985).
Although interesting and apparently consistent with previous
literature, data on site predilection must be interpreted with a good deal
of caution. Topographic mapping of the oral mucosa is difficult,
particularly for clinicians and pathologists who do not deal routinely
with oral disease. Accordingly, data on specific location of oral tumors
can be quite misleading in that they may reflect erronious classification,
especially with large lesions that have spread contiguously to involve
adjcent sites. For example, a large lesion between the ventral surface of
tongue and the floor-of-the-mouth could be assigned as either tongue
cancer or cancer of the floor-of-the-mouth. Also, an extensive
carcinoma of the lateral border of the tongue that extends contiguously
to the mandible might well be erroneously classified as carcinoma of the
alveolar ridge. Thus, for the most part, specific classification of the
precise site for large tumors depends largely on a somewhat arbitrary
decision either at the time of diagnosis or definitive treatment.
Therefore, epidemiologic data involving anatomic sub-sites, frequently of
large oral cancers, must be viewed as somewhat unreliable.
Histologlc grading
Data from the CTR reveals that 29.1% cases of intraoral squamous
cell carcinoma were classified as well-differentiated lesions (Grade I),
54.3% designated moderately-differentiated (Grade II) and 16.6%
poorly-differentiated carcinoma. There were no striking differences
either between sexes or within various intraoral sub-sites. The one
exception was that carcinoma of the retromolar area in females which
exhibited predominance of well-differentiated tumors (Grade I). This
exception is curious but is probably not meaningful (see later
discussion).
Histologic grading of malignancy is of value for predicting biologic
behavior of tumors and also as a reference ofjudgement in selecting type
and extent of future treatment. However, there are several difficulties
with the use of histologic grading to assess prognosis (WHO, 1971). For
example, not all tumors are microscopically homogeneous, so that
samples taken from different areas may give different impressions of
the degree of differentiation. Also, the estimation of proliferative activity
(see Materials and Methods) depends upon prompt and effective fixation
for preservation of cytologic features. A further difficulty is that tumors
of the same histologic grade often vary in their behavior according to
size, specific location and other histological parameters of
aggresiveness. For example,a well-differentiated primary carcinoma of
the mucosal surface of the lip carries a far more favorable prognosis
than a smaller tumor of identical histological differentiation situated in
the posterior part of the tongue. Also, a carcinoma less than 1 cm in
diameter is less dangerous and has a better prognosis than a larger one
comparable in other respects. Therefore, in attempting to estimate
prognosis, it is just as important, if not more-so, to determine location
and the extent and aggressiveness of the cancer as it is to assess the
degree of histologic differentiations (e.g. grading). Also, when
considering microscopic assessment of degree of malignancy, the
investigator must bear in mind that any system of histological grading
is, to some extent, subjective and therefore more a matter of
interpretation than documented fact (WHO, 1971).
Geographic location
Table 17 demonstrates that Hartford and New Haven counties had
the highest incidence rates of oral cancer for both males and females,
while Tolland and Windham had the lowest. It is interesting to note
that oral cancer incidence is evidently proportional to population density
since Hartford and New Haven counties are the most populous regions
while Toland and Windham are least populous (Appendix 4). This
apparent correlation between oral cancer incidence and population
density is most likely due to different environmental and socioeconomic
factors seen within the two regions. In population-dense urban areas,
inhabitants are subjected to greater exposure to environmental
carcinogens (e.g. higher prevalence of smoking, alcohol consumption,
pollution). Thus, over a period of time, such exposure would be expected
to lead to overall higher cancer incidence rates.
Other factors may also play a role in observed variation in
incidence rates among counties. Population-dense urban areas may
have a higher proportion of blacks than more rural, farming counties.
Accordingly, the variable of race may be important.. Also, there may
well be differences in age distrubution of the population within various
counties that, in part, could influence incidence rates. The latter would
require age-adjusted incidence data to either support or refute the
possibility of age as a significant variable. Still other, yet unrecognized
factors may influence this result; however, precise interpretation
requires further epidemiologic study.
The low male-to-female ratio of oral cancer in Litchfield and
Windham counties is also interesting but as yet unexplained. It is
possible that there are factors which may affect women more intensively
or perhaps, men less intensively in recent years. Both observations (high
incidence rates of oral cancer in densely populated areas and the low
male-to-female ratio in Litchfield and Windham counties) require
further investigation.
Comparison of data from CTR (Connecticut Tumor Registry) and
UConn (University ofConnticut) Oral Pathlogy Biopsy Service
On the whole, these two sets of data are essentially parallel and
tend to characterize oral cancer in a very similar manner. Both showed
a linear increase in number of oral cancer cases for both men and
women. The suggestion that UConn oral cancer data is representative
of oral cancer in the State as a whole is demonstrated in Table 26 and
Fig. 33. Only 14 oral cancers were diagnosed within the UConn Oral
Pathology Biopsy Service in the year, 1975. This constituted 5.4% of the
total cases of oral cancer reported to the CTR that year. Thereafter,
cases of oral cancer diagnosed in UConn as a percent of total statewide
cases increased significantly to 13.1% in 1976, to 17.6% in 1984 and to
28.2% in 1985. From this, the impact of UConn educational efforts in
leading towards more effective statewide diagnosis of oral cancer can be
appreciated.
Both CTR and UConn data demonstrated the remarkable trend of
increasing occurrence of oral cancer in women, significantly greater
than that found in men. CTR data showed that 63.7% of cases of oral
cancer were intraoral squamous cell carcinoma while UConn data
revealed that 69.4% of diagnosed malignancies were intraoral squamous
cell carcinoma. Although small, this difference is likely due to the fact
that CTR data contained some cases designated by vague histologic
terms. As discussed previously, such imprecise histologic classification
could well account for this type and degree of variation.
Again, one of the most conspicuous features in both data sets was
the demonstration of a sharp decrease of male-to-female ratio for overall
oral cancer as well as for intraoral squamous cell carcinoma. One
cannot escape the conclusion that, in recent decades,, oral cancer affects
more women than in prior years. In terms of male-to-female ratios for
specific anatomic sites, both CTR and UConn data showed that
retromolar and floor-of-mouth had the highest ratios, with gingival and
buccal mucosal sites, the lowest.
Both data sets demonstrated a similar age distribution for
intraoral squamous cell carcinoma with the peak age falling within the
60-69 year age group in both sets (median age of 63.0 years). The
differences of mean and mode age between two data sets were only 0.6
and 1.7 years, respectively.
CTR data demonstrated that, for both sexes, the tongue was the
most common site for intraoral squamous cell carcinoma, followed by
FOM. UConn data showed a similar pattern for females with the tongue
being the most prevalent intraoral subsite for squamous cell carcinoma.
In males, however, UConn data revealed that the FOM was the most
common site followed by tongue. This finding is in accordance with
others (Rich, 1984; Krolls and Hoffman, 1976) who found a similar FOM
male predominance. This site discrepancy between these two sets of
data may again be partly the result of disparity of site classification
rather than any real difference in the incidence pattern. The sub-site of
floor-of-the-mouth has only been classified as a separate site in the
International Classification of Diseases since 1967 (Rich and Radden,
1984). Thus, FOM cancers prior to 1967 must have been classified within
CTR files as cancers of other sub-sites such as the mandibular gingiva
or lateral border of tongue.
UConn data revealed that the FOM is the most common site of
intraoral squamous cell carcinoma in males and the second most
common site in females. If valid, this feature could well be due to the
higher prevalence of pipe and cigar smoking among men than women
(see previous discussion), (Shafer et al., 1984). In regard to site
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specificity, data derived from the CTR and the UConn Biopsy Service are
otherwise comparable.
In comparison of histologic grading within the two sets of data, a
marked difference was noted in histologic grades of squamous cell
carcinoma cases recorded within the CTR versus those accessioned
within the UConn Oral Pathology Biopsy Service. There was a marked
predominance of Grade I lesions (well-diferentiated cases) in the UConn
data versus a predominance of Grade II lesions
(moderately-differentiated) in the CTR set. Besides other explanations
addressed previously, it should be re-emphasized that histologic grading
is subjective rather than strict and, in many cases, is highly dependent
on individual variation among pathologists. In addition, CTR data
contained only 2,743 cases (44%) in which information of histologic
grading was available. This incomplete categorization reflects the
tendency among pathologists, particularly in earlier decades, to omit a
modifying phrase that would otherwise describe the degree of
differentiation. Accordingly, cases would be recorded simply as
"squamous cell carcinoma". In all probability, many of such cases
actually represented well-differentiated tumors. Since cases with
incomplete or imprecise grading were excluded, an artificially
diminished percentage of well-differentiated squamous cell carcinomas
as a function of the total number of cases could easily have resulted.
In summary, with due consideration of exceptions previously
noted, there were still broad similarities in both sets of data. While not
directly comparable in some aspects, it is apparent that UConn data
does reflect the general profile of oral cancer occurrence in the State of
Connecticut. Thus data generated from UConn cases can serve as a
representative characterization of the oral cancer picture within the
State.
CONCLUSIONS
Analysis of data from both the Connecticut Tumor Registry and
the University of Connecticut Oral Pathology Biopsy Service reveals the
following:
1. There were 9,708 cases of malignant oral neoplasms recorded
in residents of Connecticut during the span, 1935-1985 inclusive.
2. The average annual crude incidence rate for oral cancer during
this period was 12.2/100,000 for males and 3.2/100,000 for females. The
average annual age-adjusted incidence rate was 12.9/100,000 for males
and 2.9/100,000 for females (1970 US standard).
3. The incidence rate for oral cancer in males increased slowly
from the 1940’s to the 1960’s, and then underwent a reversal with a
decline into the 1980’s. The incidence rate for females increased steadily
(approximately 3-fold) during the 51 year period of study.
4. The male-to-female ratio for overall oral cancer declined
dramatically during the period of study, from 10.4 to 2.7 for the
age-adjusted rate. For intraoral squamous cell carcinoma, the
male-to-female ratio declined from 9.8 to 2.6 during the same study
period.
5. The peak age for intraoral squamous cell carcinoma was the
seventh decade for both sexes. The mean, median and mode age were
all approximately 63 years.
6. Oral cancer is primarily a disease of the elderly. The older the
age, the higher the risk and the higher the incidence. During recent
years, there was evidence for increased incidence of intraoral
squamous cell carcinoma in males younger than 40.
7. Data from the CTR revealed that the tongue was the most
common site for intraoral squamous cell carcinoma followed closely by
the floor-of-the-mouth. In UConn data the FOM was the most common
site followed by tongue. The gingiva and buccal mucosal areas exhibited
the lowest male/female ratio of occurrence, FOM and tongue the
highest.
8. Intraoral squamous cell carcinoma constituted 63.7% of overall
oral cancer in CTR data. In UConn data, it constituted 69.4% of oral
malignant neoplasms.
9. Of CTR cases of intraoral squamous cell carcinoma, 29.1%
were classified as well-differentiated, 54.3% moderately differentiated
and 16.6% poorly differentiated. In UConn cases, 64.3% of all squamous
cell carcinomas were well-differentiated; 31.7%,
moderatedly-differentiated and 4%, poorly-differentiated.
10. Urban counties of Connecticut (Hartford and New Haven)
exhibited the highest incidence rates for oral cancer in both sexes
whereas the more rural counties (Tolland and Windham) exhibited the
lowest incidence rates.
11. Cases of oral cancer as accessioned by the University of
Connecticut Oral Pathology Biopsy Service are roughly reflective of oral
cancer as a whole within the state of Connecticut.
Recommendations for future study
1. Causal factors related to the trend of increasing incidence of
oral cancer especially among women should be investigated. State-wide
health surveys or retrospective studies involving a large population base
should be quite interesting.
2. Identification of substances, habits or environmental
peculiarities involved in the etiology and pathogenesis of oral squamous
cell carcinoma should be investigated using a large hospital-based
population. Smoking and alcohol drinking patterns should be
emphasized but other possible factors, particularly viral agents, should
also be investigated.
3. The effects of alcohol consumption and smokeless tobacco,
particularly among young individuals, should be investigated. Further
studies are required to determine if oral cancer is actually increasing
among American or other youthful populations.
4. The higher incidence of oral cancer in Hartford and New Haven
counties requires further investigation. Analysis of socioeconomic
status, environmental factors, plus the study of medical and dental
health care delivery systems should be carried out in an effort to
pinpoint specific factors responsible for observed differences in oral
cancer incidence.
5. Efforts should be made, both with CTR and UConn data
collection systems, to obtain more complete and accurate information
regarding accessioned oral cancer cases. Improvements along these
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lines should lead to far more useful and reliable data. This will both
facilitate future studies and also render results and conclusions of such
much more accurate and meaningful.
TABLE 1. ORAL CANCER: TOTAL AND AVERAGE ANNUAL
CASES BY SEX AND TIME-PERIOD,
CONNECTICUT, 1935-85
Year
Total no. of cases Average annum no. of cases
Male Female Total Male Female Total
1935-39 472 51 523 94 10 104
1940-44 533 82 615 107 16 123
1945-49 611 91 702 122 18 140
1950-54 695 126 821 139 25 164
1955-59 784 144 928 157 29 186
1960-64 879 197 1076 176 39 215
1965-69 776 238 1014 155 48 203
1970-74 875 317 1192 175 63 238
1975-79 914 354 1268 183 71 254
1980-85 1053" 516" 1569" 176 86 262
All years 7592 2116 9708 149 41 190
* 6 year total vs. 5 year total in all other time-periods.
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TABLE 2. ORAL CANCER AGE-ADJUSTED* AND CRUDE
INCIDENCE RATES PER 100,000
BY SEX AND TIME-PERIOD,
CONNECTICUT, 1935-85
Year
Age-adjusted rate
Male Female
Crude incidence rate
Male Female Both
1935-39 14.5 1.4
1940-44 13.7 1.9
1945-49 14.1 1.9
1950-54 14.3 2.3
1955-59 14.0 2.2
1960-64 14.8 2.7
1965-69 11.9 3.0
1970-74 11.8 3.6
1975-79 12.4 3.7
1980-85 10.9 4.1
11.3 1.2 6.2
11.8 1.8 6.8
12.7 1.9 7.3
13.3 2.3 7.7
13.3 2.4 7.7
13.5 2.9 8.1
11.0 3.2 6.9
11.8 4.0 7.8
12.3 4.5 8.3
11.6 5.3 8.3
All year 12.9 2.9 12.2 3.2 7.6
* U.S. 1970 Standard Million Population.
TABLE 3. INTRAORAL SQUAMOUS CELL CARCINOMA CASES
AND AVERAGE ANNUAL NUMBERS BY SEX AND
TIME-PERIOD, CONNECTICUT, 1935-85
No. of cases Average annual no. of cases
Year
Male Female Total Male Female Total
1935-39 167 20 187 33 4 37
1940-44 243 42 285 49 8 57
1945-49 272 63 335 54 13 67
1950-54 382 88 470 76 18 94
1955-59 429 89 518 86 18 104
1960-64 532 136 668 106 27 133
1965-69 521 174 695 104 35 139
1970-74 607 243 850 121 49 170
1975-79 674 270 944 135 54 189
1980-85 824" 405" 1229* 137 81 218
All years 4651 1530 6181 91 30 121
year total vs. 5 year total in all other time-periods.
TABLE 4. INTRAORAL SQUAMOUS CELL CARCINOMA
AGE-ADJUSTED* AND CRUDE INCIDENCE RATES
PER 100,0(O BY SEX AND TIME-PERIOD,
CONNECTICUT, 1935-85
Year
Age-adjusted rate Crude incidence rate
Male Female Male Female Total
1935-39 4.9 0.5 4.0 0.5 2.2
1940-44 6.2 1.0 5.4 0.9 3.1
1945-49 6.3 1.3 5.6 1.3 3.5
1950-54 7.9 1.6 7.3 1.6 4.4
1955-59 7.7 1.4 7.2 1.5 4.3
1960-64 8.8 1.9 8.2 1.9 5.0
1965-69 7.9 2.2 7.4 2.3 4.8
1970-74 8.2 2.8 8.2 3.1 5.6
1975-79 9.0 2.8 9.0 3.4 6.1
1980-85 8.5 3.3 9.0 4.1 6.5
All years 7.9 2.1 7.5 2.3 4.9
* U.S. 1970 Standard Million Population.
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TABLE 5. ORAL CANCER AGE-SPECIFIC INCIDENCE
RATES PER 100,000, CONNECTICUT,
1935-85, MALES
Age group
Year 0-29 yrs 30-39 yrs 40-49 yrs 50-59yrs 60-69 yrs 70-79 yrs 80&over
1935-39 0.0 1.4 6.8 26.1 46.5 87.2 139.4
1940-44 0.1 2.0 7.7 24.1 46.2 98.7 106.6
1945-49 0.0 1.6 7.4 25.9 55.9 82.2 126.4
1950-54 0.0 1.8 10.3 26.9 57.5 70.0 131.8
1955-59 0.0 2.3 10.8 28.5 57.3 78.9 83.3
1960-64 0.0 2.1 11.6 25.4 58.9 84.4 113.1
1965-69 0.0 0.9 9.6 28.5 47.0 61.8 67.1
1970-74 0.0 0.9 9.7 31.3 47.0 60.6 50.8
1975-79 0.0 1.3 10.7 29.1 49.1 59.6 79.2
1980-85 0.0 2.2 9.4 27.2 45.7 51.3 44.5
All years 0.0 1.8 9.6 27.6 51.2 70.0 84.2
TABLE 6. ORAL CANCER AGE-SPECIFIC INCIDENCE RATES
PER 100,000, CONNECTICUT,
1935-85, FEMALES
Age group
Year 0-29 yrs 30-39 yrs 40-49 yrs 50-59yrs 60-69 yrs 70-79 yrs 80&over
1935-39 0.0 0.5 0.5 2.3 4.0 9.1 16.4
1940-44 0.1 0.4 1.4 2.8 6.9 12.5 17.2
1945-49 0.0 0.5 1.5 2.5 6.4 13.5 12.9
1950-54 0.0 1.0 1.8 4.3 7.1 12.5 19.4
1955-59 0.0 0.8 1.5 5.9 6.4 10.4 20.4
1960-64 0.0 1.0 3.1 6.9 9.7 11.5 13.5
1965-69 0.1 0.3 4.0 6.1 10.8 13.8 17.5
1970-74 0.0 0.9 3.8 9.4 13.7 16.3 14.2
1975-79 0.0 0.5 3.6 10.3 15.1 14.7 16.7
1980-85 0.1 0.9 4.7 9.2 16.0 19.1 20.1
All years 0.0 0.7 2.8 6.7 10.9 14.3 17.3
TABLE 7. ORAL SQUAMOUS CELL CARCINOMA
AGE-SPECIFIC INCIDENCE RATES PER 100,000,
CONNECTICUT, 1935-85, MALES
Age group
Year 0-29 yrs 30-39 yrs 40-49 yrs 50-59yrs 60-69 yrs 70-79 yrs 80&over
1935-39 0.0 1.0 1.2 9.4 23.9 29.9 23.8
1940-44 0.0 0.9 2.8 10.5 24.9 47.4 32.8
1945-49 0.0 0.5 3.9 10.4 25.9 37.6 52.9
1950-54 0.0 0.4 6.0 14.8 30.7 42.2 73.0
1955-59 0.0 1.0 6.6 15.0 29.4 46.6 46.9
1960-64 0.0 1.0 7.4 18.4 34.8 50.4 50.7
1965-69 0.0 0.4 6.4 22.0 32.2 35.8 37.9
1970-74 0.0 0.5 6.5 23.7 33.5 41.9 43.4
1975-79 0.0 0.6 8.2 23.8 37.8 39.8 40.4
1980-85 0.0 1.5 7.1 21.9 37.6 38.7 30.5
All years 0.0 0.8 5.9 18.2 32.4 41.5 42.1
TABLE 8. ORAL SQUAMOUS CELL CARCINOMA
AGE-SPECIFIC INCIDENCE RATES PER 100,000,
CONNECTICUT, 1935-85, FEMALES
Age group
Year 0-29 yrs 30-39 yrs 40-49 yrs 50-59yrs 60-69 yrs 70-79 yrs 80&over
1935-39 0.0 0.2 0.3 0.9 1.7 3.5 4.7
1940-44 0.0 0.1 0.9 1.6 3.2 6.8 7.6
1945-49 0.0 0.4 1.2 1.6 4.6 9.2 8.1
1950-54 0.0 0.5 1.4 3.5 5.2 9.2 9.7
1955-59 0.0 0.3 1.0 4.2 4.2 5.5 12.6
1960-64 0.0 0.4 2.4 5.1 7.0 6.6 10.3
1965-69 0.0 0.2 3.1 4.7 7.3 10.4 13.1
1970-74 0.0 0.3 3.3 6.9 11.5 12.0 11.3
1975-79 0.0 0.4 2.7 8.3 13.0 9.4 11.1
1980-85 0.0 0.3 3.7 7.0 14.3 15.4 14.2
All years 0.0 0.3 2.2 5.0 8.5 9.9 11.6
TABLE 9. PEAK AGE-GROUP OF INTRAORAL SQUAMOUS
CELL CARCINOMA BY SEX AND SITE,
CONNECTICUT, 1935-85
Lesion site Male Female
Tongue
Gingiva
FOM
Buccal mucosa
Palate
Retrom. area
Misc. sites
60-69 yrs
60-69 yrs
60-69 yrs
70-79 yrs
60-69 yrs
60-69 yrs
60-69 yrs
60-69 yrs
60-69 yrs
60-69 yrs
60-69 yrs
60-69 yrs
50-59 yrs
60-69 yrs
TABLE 10. AGE-DISTRIBUTION OF INTRAORAL
SQUAMOUS CELL CARCINOMA BY SEX,
CONNECTICUT, 1935-85
Male Female Both sexes
Age No. (%) No. (%) No. (%)
0-29 yrs 2 (0.0%) 2 (0.1%) 4 (0.1%)
30-39 yrs 71 (1.5%) 30 (2.0%) 101 (1.6%)
40-49 yrs 466 (10.1%) 180 (11.8%) 646 (10.5%)
50-59 yrs 1244 (26.8%) 356 (23.4%) 1600 (26.0%)
60-69 yrs 1543 (33.3%) 462 (30.4%) 2005 (32.6%)
70-79 yrs 978 (21.1%) 323 (21.2%) 1301 (21.1%)
80&+ 331 (7.1%) 167 (11.1%) 500 (8.2%)
Total 4635 (100%) 1520 (100%) 6155 (100%)
Mean age 63.0 yrs
Median age = 63.0 yrs
Oldest = 102 yrs
Youngest = 8 yrs
Mode age 63.0 yrs
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TABLE 11. AGE-DISTRIBUTION OF CASES OF INTRAORAL
SQUAMOUS CELL CARCINOMA, BY SEX AND
TIME-PERIOD, CONNECTICUT, 1935-85
Age group
0-29 yrs 30-39 yrs 40-49 yrs 50-59yrs 60-69 yrs 70-79 yrs 80&over
Year M F M F M F M F M F M F M F
1935-39 0 0 6 1 7 2 42 4 67 5 37 5 7 2
1940-44 0 0 6 1 18 6 54 8 82 11 71 12 12 4
1945-49 0 0 4 3 25 8 57 9 97 18 65 19 23 5
1950-54 0 0 3 4 42 10 86 21 126 23 82 22 41 8
1955-59 0 0 9 3 54 9 93 27 131 21 108 16 31 13
1960-64 0 0 9 4 66 22 124 36 164 38 129 22 39 13
1965-69 1 1 3 2 59 30 169 38 159 43 95 39 35 21
1970-74 0 0 4 3 58 31 200 62 180 73 115 50 47 23
1975-79 0 0 6 4 67 23 205 77 229 93 116 42 48 28
1980-85 2 5 70 39 214 74 308 137 160 96 48 52
All years 2 2 71 30 466 180 1244 356 1543 462 978 323 331 167
TABLE 12. MEAN AGE, INTRAORAL SQUAMOUS CELL
CARCINOMA PATIENTS, BY LESION SITE AND
TIME-PERIOD, CONNECTICUT, 1935-85
Year
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 All
Site -39 -44 -49 -54 -59 -64 -69 -74 -79 -85 years
Tongue 63.1 65.2 63.8 62.5 61.4 61.7 62.5 62.2 62.2 63.0 62.7
Gingiva 63.5 63.3 64.4 64.3 63.8 66.3 64.9 66.5 64.6 68.4 65.3
FOM 62.3 62.5 63.3 62.1 60.6 60.8 60.9 59.7 61.4 62.4 61.3
Buccal mu. 61.4 67.0 66.9 65.1 65.6 67.2 64.3 62.6 68.9 64.7 65.3
Palate 59.9 60.5 63.0 63.3 60.8 63.2 62.2 63.1 62.3 61.5 62.2
Retrom.area * * * * * 70.0 63.4 65.0 63.0 62.1 63.0
Miscel.sites 66.7 62.1 66.9 67.7 68.7 64.9 64.3 63.0 63.8 64.1 65.2
* No female case reported.
TABLE 13. MALE /FEMALE RATIOS OF ORAL CANCER AND
INTRAORAL SQUAMOUS CELL CARCINOMA FOR CASE
NUMBERS, CRUDE AND AGE-ADJUSTED* INCIDENCE
RATES BY TIME-PERIOD, CONNECTICUT, 1935-85
Overall oral cancer Intraoral squamous cell carcinoma
Year No.of cases Crude rate Age-adjusted rote No.of cases Crude rate Age-adjusted rate
1935-39 9.3 9.4 10.4 8.4 8.0 9.8
1940-44 6.5 6.6 7.2 5.8 6.0 6.2
1945-49 6.7 6.7 7.4 4.3 4.3 4.8
1950-54 5.5 5.8 6.2 4.3 4.6 4.9
1955-59 5.4 5.5 6.4 4.8 4.8 5.5
1960-64 4.5 4.7 5.5 3.9 4.3 4.6
1965-69 3.3 3.4 4.0 3.0 3.2 3.6
1970-74 2.8 3.0 3.3 2.5 2.6 2.9
1975-79 2.6 2.7 3.4 2.5 2.6 3.2
1980-85 2.0 2.2 2.7 2.0 2.2 2.6
All years 3.6 3.8 4.4 3.0 3.3 3.8
* U.S. 1970 Standard Million Population.
TABLE 14. MALE/FEMALE RATIOS OF INTRAORAL
SQUAMOUS CELL CARCINOMA CASES
BY LESION SITE AND TIME-PERIOD,
CONNECTICUT, 1935-85
Year
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 All
Site -39 -44 -49 -54 -59 -64 -69 -74 -79 -85 years
Tongue 7.1 7.5 4.1 3.9 3.8 5.8 3.0 2.3 3.1 2.0 3.2
Gingiva 16.0 4.6 3.1 5.1 1.6 2.0 2.6 2.0 1.4 0.7 2.1
FOM 28.0 21.5 13.8 7.8 13.1 3.3 4.7 3.2 2.7 3.2 4.1
Buccal mu. 10.5 1.9 4.5 2.7 2.6 1.9 1.7 2.5 1.2 1.1 2.1
Palate * 12.0 5.8 3.6 5.9 3.5 1.9 1.9 1.7 1.4 2.3
Retrom.area * * * * * * 4.5 5.6 5.5 3.4 4.2
Miscel.sites 6.2 3.8 2.1 4.4 4.5 10.0 5.0 2.7 2.7 1.9 3.1
No female case reported.
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TABLE 15. SITE DISTRIBUTION OF INTRAORAL SQUAMOUS
CELL CARCINOMA BY SEX,
CONNECTICUT, 1935-85
Site
Male Female Both sexes
No. (%) No. (%) No. (%)
Tongue
Gingiva
FOM
Buccal mu.
Palate
Retrom. area
Misc. sites
1942 (41.8%) 604 (39.5%) 2546 (41.2%)
386 (8.3%) 186 (12.2%) 572 (9.3%)
1198 (25.8%) 295 (19.3%) 1493 (24.2%)
253 (5.4%) 122 (8.0%) 375 (6.1%)
476 (10.2%) 206 (13.5%) 682 (11.0%)
134 (2.9%) 32 (2.1%) 166 (2.7%)
262 (5.6%) 85 (5.6%) 347 (5.6%)
Total cases 4651 1530 6181
TABLE 16. HISTOLOGIC GRADING OF INTRAORAL
SQUAMOUS CELL CARCINOMA BY SITE AND SEX,
CONNECTICUT, 1935-85
Grade I Grade II Grade III
Site Sex
No. (%) No. (%) No. (%)
Tongue
Gingiva
FOM
Buccal
mucosa
Palate
Retrom.area
Misc.sites
M 210 (23.5%) 499 (55.8%) 186 (20.8%)
F 95 (35.1%) 127 (46.9%) 49 (18.1%)
M 41 (25.6%) 101 (63.1%) 18 (11.3%)
F 31 (41.3%) 41 (54.7%) 3 (4.0%)
M 177 (32.9%) 296 (55.0%) 65 (12.1%)
F 52 (41.3%) 60 (47.6%) 14 (11.1%)
M 24 (27.6%) 50 (57.5%) 13 (14.9%)
F 19 (43.2%) 20 (45.5%) 5 (11.4%)
M 42 (24.7%) 98 (57.6%) 30 (17.6%)
F 27 (30.0%) 41 (45.6%) 22 (24.4%)
M 30 (36.1%) 39 (47.0%) 14 (16.9%)
F 11 (52.4%) 7 (33.3%) 3 (14.3%)
M 28 (20.0%) 88 (62.4%) 25 (17.7%)
F 12 (28.6%) 22 (52.4%) 8 (19.0%)
Total 799 (29.1%) 1489 (54.3%) 455 (16.6%)
TABLE 17. AVERAGE ANNUAL CRUDE INCIDENCE RATES OF ORAL
CANCER PER 100,000, BY COUNTY, SEX AND TIME-PERIOD,
CONNECTICUT, 1935-85
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 All
-39 -44 -49 -54 -59 -64 -69 -74 -79 -85 years
Fairfield M 8.9 11.5 11.8 13.1 12.7 13.2 10.4 11.8 12.5 10.9 11.8
F 1.4 1.5 1.5 2.5 2.0 2.7 3.2 4.4 4.8 5.1 3.3
Hartford M 10.5 10.9 10.1 12.8 13.9 14.8 12.1 13.4 12.7 13.4 12.8
F 1.5 2.0 1.5 1.7 2.3 3.3 2.8 4.4 4.5 5.9 3.4
Litchfield M 9.2 9.7 13.0 8.2 12.2 15.0 11.4 9.8 12.1 7.8 11.6
F 0.9 1.4 2.9 1.9 2.1 2.2 1.7 4.8 5.1 5.5 3.2
Middlesex M 11.1 6.9 9.5 8.5 12.3 12.9 5.7 10.4 14.4 12.9 10.9
F 2.2 4.8 0.0 2.2 3.4 1.7 3.3 5.0 3.1 4.4 3.3
New Haven M 12.6 13.4 15.1 14.2 13.0 12.9 11.4 11.4 12.2 11.8 12.7
F 0.7 1.8 2.2 2.8 2.9 2.9 4.1 3.1 4.5 5.2 3.3
NewLondon M 12.5 13.5 15.2 16.1 13.5 11.8 11.0 11.0 11.4 11.1 12.4
F 2.0 1.3 1.7 3.4 1.9 3.1 2.2 4.0 4.1 4.7 3.1
Tolland M 11.5 10.2 7.6 9.4 12.8 7.4 8.6 8.7 7.5 6.6 8.6
F 1.3 1.2 1.0 0.8 0.7 3.2 0.9 1.1 3.6 2.6 1.9
Windham M 11.5 11.9 18.2 16.1 14.1 10.3 7.3 6.3 8.3 6.6 10.5
F 0.0 2.1 6.6 1.2 1.8 2.7 3.4 3.1 2.1 4.5 2.9
Connecticut M 11.3 11.8 12.7 13.3 13.3 13.5 11.0 11.8 12.3 11.6 12.2
F 1.2 1.8 1.9 2.3 2.4 2.9 3.2 4.0 4.5 5.3 3.2
TABLE 18. UCONN ORAL CANCER CASES AND PERCENTAGE
OF TOTAL ACCESSIONED ORAL
SPECIMENS BY YEAR, 1975-86
Year
No. of oral Total no. of Percentage
cancer cases oral specimens of total
1975 14 1497 0.9%
1976 32 2167 1.5%
1977 45 2387 1.9%
1978 34 2464 1.4%
1979 44 2527 1.7%
1980 50 2707 1.9%
1981 50 2985 1.7%
1982 46 3014 1.5%
1983 54 3183 1.7%
1984 43 3156 1.4%
1985 70 3548 1.9%
1986 64 3794 1.7%
Total 544 33429 1.6%
TABLE 19. HISTOLOGIC TYPE OF ORAL CANCER,
UCONN DATA, 1975-86
Histologic type No. of cases Percentage of
total malignancies
Squamous cell carcinoma*
Carcinoma in situ
Verrucous carcinoma
Malignant minor salivary
gland tumors
Mucoepidermoid carcinoma 25
Adenocarcinoma 15
Adenoid cystic carcinoma 14
Clear cell adenocarcinoma 4
Malignant Pleomorphic adenoma 1
Acinic cell carcinoma 1
Other oral cancer 36
Metastatic lesions 11
Lymphoma 10
Undifferentiated tumor 4
Malignant melanoma 3
Fibrosarcoma 2
Chondrosarcoma 2
Leiomyosarcoma 1
Lymphomatoid granulomatosis 1
Leukemia 1
Kaposi’s sarcoma 1
396 72.5%
29 5.3%
25 4.6%
60 11.0%
6.6%
Total 546 (100%)
* Including 17 cases of lip cancer. If lip cancer is excluded, the 379 remaining
cases of intraoral squamous cell carcinoma accounted for 69.4% of total oral
malignant cases.
TABLE 20. INTRAORAL SQUAMOUS CELL CARCINOMA
CASES AND PERCENTAGE BY SEX,
UCONN DATA, 1975-86
Male Female
Year Male/female
No. (%) No. (%) ratio
1975-77 43 (11.6) 18 (4.8) 2.4
1978-80 53 (14.2) 39 (10.5) 1.4
1981-83 60 (16.1) 42 (11.3) 1.4
1984-86 66 (17.7) 51 (13.7) 1.3
Total 222 (59.7) 150 (40.3) 1.5
TABLE 21. MALE /FEMALE RATIOS OF INTRAORAL
SQUAMOUS CELL CARCINOMA CASES BY LESION
SITE AND TIME-PERIOD, UCONN DATA, 1975-86
Yea1"
Site 1975-77 1978-80 1981-83 1984-86 All years
Tongue 1.2 0.6 1.9 1.8 1.3
Gingiva 1.3 1.5 0.9 0.8 1.0
FOM 2.5 2.4 2.1 1.6 2.1
Buccal mucosa 2.0 * 1.0 0.3 0.9
Palate * 3.0 0.5 0.8 1.4
Retrom. area 8.0 3.0 0.5 1.0 2.3
Misc. sites * ** 3.0 1.0 1.2
* No female case reported.
** No male case reported.
TABLE 22. AGE-DISTRIBUTION OF INTRAORAL
SQUAMOUS CELL CARCINOMA BY SEX,
UCONN DATA, 1975-86
Male Female Both sexes
Age No. (%) No. (%) No. (%)
0-29 yrs 2 (0.9%) 0 (0.0%) 2 (0.6%)
30-39 yrs 6 (2.8%) 9 (6.3%) 5 (4.%)
40-49 yrs 21 (9.6%) 12 (8.5%) 33 (9.2%)
50-59 yrs 57 (26.1%) 29 (20.4%) 86 (23.9%)
60-69 yrs 74 (33.9%) 49 (34.5%) 123 (34.2%)
70-79 yrs 41 (18.8%) 33 (23.2%) 74 (20.6%)
80 & over 17 (7.8%) 10 (7.0%) 27 (7.5%)
Mean age = 62.4 yrs Oldest= 102 yrs
Median age = 63.0 yrs Youngest- 26 yrs
Mode age 64.7 yrs
TABLE 23. SITE DISTRIBUTION OF INTRAORAL SQUAMOUS
CELL CARCINOMA BY SEX,
UCONN DATA, 1975-86
Site
Male Female Both sexes
No. (%) No. (%) No. (%)
Tongue
Gingiva
FOM
Buccal mucosa
Palate
Retrom. area
Misc. sites
59 (28.4%) 47 (32.6%) 106 (30.1%)
32 (15.4%) 32 (22.2%) 64 (18.2%)
76 (36.5%) 37 (25.7%) 113 (32.1%)
7 (3.4%) 8 (5.6%) 15 (4.3%)
10 (4.8%) 7 (4.9%) 17 (4.8%)
18 (8.7%) 8 (5.6%) 26 (7.4%)
6 (2.9%) 5 (3.5%) 11 (3.1%)
Total 208 (100.0%) 144 (100.0%) 352 (100.0%)
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TABLE 24. MEAN AGE, INTRAORAL SQUAMOUS
CELL CARCINOMA PATIENTS, BY LESION SITE
AND TIME-PERIOD, UCONN DATA, 1975-86
Year
Site 1975-77 1978-80 1981-83 1984-86 All years
Tongue 54.7 58.2 58.8 64.0 60.0
Gingiva 67.0 60.3 69.7 62.6 64.8
FOM 63.9 61.0 60.6 63.0 62.0
Buccal mucosa 66.3 56.0 72.5 71.2 69.7
Palate 65.0 55.0 54.0 59.6 58.5
Retrom. area 64.1 65.4 59.5 62.2 63.6
Misc. sites 70.0 80.5 59.8 62.0 65.0
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TABLE 25. HISTOLOGIC GRADING OF INTRAORAL
SQUAMOUS CELL CARCINOMA BY SITE AND
SEX, UCONN DATA, 1975-86
Grade I Grade II Grade HI
Site Sex
No. (%) No. (%) No. (%)
Tongue
Gingiva
FOM
Buccal
mucosa
Palate
Retrom.area
Misc.sites
M 39 (68.4%) 13 (22.8%) 5
F 30 (63.8%) 16 (34.0%) 1
M 20 (62.5%) 10 (31.3%) 2
F 25 (78.1%) 6 (18.8%) 1
M 45 (61.6%) 26 (35.6%) 2
F 22 (59.5%) 14 (37.8%) 1
M 4 (57.1%) 3 (42.9%) 0
F 7 (87.5%) 1 (12.5%) 0
M 4 (40.0%) 6 (60.0%) 0
F 4 (57.1%) 3 (42.9%) 0
M 12 (66.7%) 5 (27.8%) 1
F 3 (37.5%) 5 (62.5%) 0
M 4 (66.7%) 2 (33.3%) 0
F 4 (80.0%) 0 (0.0%) 1
(8.8%)
(2.1%)
(6.3%)
(3.1%)
(2.7%)
(2.7%)
(5.6%)
(0.0%)
(0.0%)
(20.0%)
Total 223 (64.3%) 110 (31.7%) 14 (4.0%)
10’2
TABLE 26. UCONN CASES AS PERCENTAGE OF
TOTAL STATE ORAL CANCER
BY YEAR, 1975-85
Year CTR UCONN Percentage
1975 257 14
1976 244 32
1977 237 45
1978 275 34
1979 255 44
1980 271 50
1981 273 50
1982 253 46
1983 280 54
1984 244 43
1985 248 70
5.4%
13.1%
19.0%
12.4%
17.3%
18.5%
18.3%
18.2%
19.3%
17.6%
28.2%
Total 2837 482 17.0%
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Fig. 1. Oral cancer average annual cases by sex, Connecticut, 1935-85.
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Fig. 2. Oral cancer age-adjusted incidence rates by sex and
time-period, Connecticut, 1935-85.
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Oral cancer crude incidence rates by sex and time period,
Connecticut, 1935-85.
106
10
8
1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 1975-79 1980-85
Fig. 4. lntraoral squamous cell carcinoma age-adjusted incidence
rates by sex and time-period, Connecticut, 1935-85.
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Fig. 5. Oral cancer average age-specific incidence rates
Connecticut, 1935-85.
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Fig. 6. Oral cancer age-specific incidence rates by time-period,
Connecticut, 1935-85, males.
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Fig. 7. Oral cancer age-specific incidence rates by time-period,
Connecticut, 1935-85, females.
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Fig. 8. Trends in the oral cancer incidence rates per 100,000
by birth cohort, Connecticut, males.
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Fig. 9. Trends in the oral cancer incidence rates per 100,000
by birth cohort, Connecticut, females.
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Fig. 10. Trends in the intraoral squamous cell carcinoma incidence
rates per 100,000, by birth cohort, Connecticut, males.
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Fig. 11. Trends in the intraorl squamous cell carcinoma incidence
rams per 100,000 by birth cohort, Connecticut, females.
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Fig. 12. Intraoral squamous cell carcinoma age-specific incidence
rates by time-period, Connecticut, 1935-85, males.
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Fig. 13. lntraoral squamous cell carcinoma age-specific incidence
rates, Connecticut, 1935-85, females.
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Fig. 14. Peak age group of intraoral squamous cell carcinoma
by sex and site, Connecticut, 1935-85.
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Fig. 15. Age distribution of intraoral squamous cell carcinoma
by sex, Connecticut, 1935-85.
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Fig. 16. Age-distribution of intraoral squamous cell carcinoma
by sex and time-period, Connecticut, 1935-85, males.
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Fig. 17. Age-distribution of intraoml squamous cell carcinoma
by sex and time-period, Connecticut, 1935-85, female.
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Fig. 18. Male/female ratios of age-adjusted incidence rates of
overall oral cancer by time-period, Connecticut, 1935-85.
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Fig. 19. Male /female ratios of age-adjusted incidence rates of
intraoral squamous cell carcinoma by time-period,Connecticut, 1935-85.
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Fig. 20. Male/female ratios of cases of intraoral squamous cell
carcinoma by site and time-period, Connecticut, 1935-85.
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Fig. 21. Site distribution of intraoral squamous cell carcinoma
by sex, Connecticut, 1935-85.
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Fig. 22. Histologic grade of intraoml squamous
cell carcinoma, Connecticut, 1935-85.
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Fig. 24. Percentage of oral cancer cases in all oral specimens,
UConn data, 1975-86.
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Fig. 25. Histologic types of 546 cases of oral cancer,
UConn data, 1975-86.
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Fig. 26. Histologic types of malignant salivary gland tumor,
UConn data, 1975-86.
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Fig. 27. Intraoral squamous cell carcinoma (379 cases) by sex
and time-period, UConn data, 1975-86.
130
8O
6O
4O
2O
0-29 yrs
Fig. 28.
Male
30-39 yrs 40-49 yrs 50-59 yrs 60-69 yrs 70-79 yrs 80 & over
Age
Age distribution of intraoral squamous cell carcinoma
by sex, UConn data, 1975-86.
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Fig. 29. Site distribution of intraoral squamous cell carcinoma
by sex, UConn data, 1975-86.
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Fig. 30. Histologic grading of intraoral squamous cell carcinoma,
UConn data, 1975-86.
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Fig. 31. Male /female ratios of age-adjusted incidence rate of
overall oral cancer by time-period, Connecticut, 1935-85.
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Fig. 32. Oral cancer cases of UConn and CTR data, by year 1975-85.
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Fig. 33. Percentage of oral cancer cases diagnosed at UConn
vs. overall cases in Connecticut, by year, 1975-85.
APPENDIXA
Year
Connecticut Oral Cancer
Patient’s Name
Address: (town)
Smoking Habit: (Pack/Yea’s) of age
Alcoho Habit: (Light norse Moderate Heavy) from of age
Clinic Firings: tocatior:
Initial Ox Dr.
Pathologic Diagnosis:
By: (patholcsl)
Hospital:
Date:
"eatment: Surgery
Radiotherapy
C_,hentherapy
nation
Dale
Dale
Dale
Date
Fcdlow-up: Uving disease
Recurrence
Metastasis
Tirr
Die of this
Follow-ul date
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APPENDIX B
3. County
Resldenee
lCLssi.,g Value(s) ’9 (99,999,9999)
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APPENDIX C
International Classification ofDiseases
Oncology (oral cancer)
Revision 9, 1979
WHO
140 LIP 144 FLOOR OFMOUTH
140.0
140.1
140.3
140.4
140.5
140.6
140.8
140.9
Upper lip
Lower lip
Mucosa ofupper lip
Mucosa oflower lip
Mucosa oflip
Commissure oflip
(see note)
Lip, NOS*
141 TONGUE
141.0
141.1
141.2
141.3
141.4
141.5
141.6
141.8
141.9
Base oftongue
Dorsal surface oftongue
Border oftongue
Ventral surface oftongue
Anterior 2/3 oftongue
Junctional zone oftongue
Lingual tonsil
(see note)
Tongue, NOS*
144.0
144.1
144.8
144.9
Anterior floor ofmouth
Lateral floor ofmouth
(see note)
Floor ofmouth, NOS*
145 OTHERAND
UNSPECIFItD
145.0 Cheekmucosa
145.1 Vestibule ofmouth
145.2 Hard palate
145.3 Soft palate
145.4 Uvula
145.5 Palate
145.6 Retromolar area
145.8 (see note)
145.9 Oral cavity, NOS*
143 GUM
143.0 Upper gum
143.1 Lower gum
143.8 (see note)
143.9 Gum, NOS*
Note" Tumors that overlap the boundaries of two or more subcategories
and whose point of origin cannot be determined should be classified to
sub-category "8".
* Non otherwise specified.
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APPENDIXD
POPULATION SIZE BY COtYNTY
CONNECTICUT, 1930-80
1930 1940 1950 1960 1970 1980
Connecticut 1606903 1709242 2007220 234 303.17 3107576
Fairfield 386702 414384 504342 753589 79214 807143
Hartford 421097 450189 539661 58 816737 807766
Litchfield 8 87041 96872 119856 144091 156769
Middlesex 51388 55999 67332 88865 115018 129017
New Haven 463449 484316 545784 15 744948 761337
New London 118966 12522 144821 185745 230654 238409
Tolland 28659 31866 44709 68737 103440 114826
Windham 54086 56223 61759 68572 84515 2.12
Sources" U. S. Bureau of the Census, U. S. Census of Population: 1970,
Number of Inhabitants, Final Report PC (1)-A8, Connecticut.
"General Population Characteristics" PC80-1-A8 U. S. Bureau of the
Census.
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APPENDIX E
STANDARD MILLION POPULATIONS
BY AGE FOR 1970
Population
0-29 525,650
30-39 110,905
40-49 118,580
50-59 103,720
60-69 76,809
70-79 45,660
80 + 18,676
All ages 1,000,000
Source" U.S. Bureau of the Census,
Census of Population: 1970,
General Population Characteristics,
Final Report PC (1)-8
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